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Now a full year warranty 
on Collins equipment 


Collins S-Liiic aiid K\VM-2 have long been ship. Look over the specs, head the full 
standards of excellence in the amateur radio one-year warranty. You'll see why Collins is 

world. Now, Collins hacks up its cjuality the standard of ((uality in the amateur field, 

ecjuipment with a full one-year warranty. Collins S-Line and KWM-2 are examples 

Ca)lhns e(juipment has proved its depend- of engineering and manufacturing excel- 
ability in millions of hours of trouble-free lence achieved at 
operation in ham shacks around the world. Collins through use of 
and under rugged field conditions. And Col- the C-Svstem. 
lins proves its value again at trade-in time. See Collins ecjuipment N S 

See the S-Line and K\VM-2 at your Col- at the SSB Show, Statler 
lins distributor. Examine the fine craftsman- Hilton, New York, March 24. 







\ / Bob Eshleman, W4QCW, 

eamsTop Five Band DXCC Award and his 
“trusty” 2-K amplifier was with him all the way! 


Most amateurs dream of being number ONE. Few have the opportunity. 
W40CW was ready. Bob had the skill, the patience and he had the 
fine equipment he needed. At Henry Radio we are proud the 2-K helped 
W4QCW win this unique honor. 

Like Bob Eshleman you can own a big 2-K signal. Three thousand dis¬ 
cerning amateurs throughout the world are solving their communications 
problems with 2-K’s—the “clean signal” amplifier. For maximum power, 
maximum linearity and maximum value the answere is obvously the 2K-3. 

S745.00 Floor console or Desk model. 

EASY FINANCING • 10% DOWN OR TRADE-IN DOWN • NO FINANCE CHARGE IF PAID IN 90 
DAYS • GOOD RECONDITIONED EQUIPMENT • Nearly all maKes and models. Our reconditioned 
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 

TED HENRY (W6UOU) BOB HENRY (W0ARA) WALT HENRY (W6ZN) 


asm mmiii 

11240 W. Olympic Bhrd., Los Angeles, Calif. 90064 

213/477-6701 

931 N. Euclid, Anaheim, Calif. 92801 714/722-9200 
Butler, Missouri 64730 816/679-3127 


Henry Radio has representatives in different 
areas of the U.S. to simplify ordering for 
those livirig near one. Or you can order 
direct and we will ship... across the street 
or around the world. Call or write for 
specifications and terms. 

Texas area; Stewart E. Fason, WSRER 
New York area: John Richardt, W2WIY 
Chicago area: Bill Reynolds, K9ZXD 


Attention: Military and commercial users. 


The new 3K amplifier is n ow a vailable for con¬ 
tinuous duty high power RTTY and extra power 
SSB operation. ShO^.Ofl F.O.B. Los Angeles, Calif. 
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• Direct Frequency Dialing 

• Programmable Coverage 

COMMUNICATIONS RECEIVER 

• All Solid State 

• FET Circuitry 



MODEL SPR-4 ...*379°° NET 



Precision tuning dial... 
tune station Irequency directly 
... no searching. 



Programmable Irequency 
coverage... change crystal 
and label on dial. 

For more information write 


The SPR-4 Is a general purpose receiver which 
may be programmed to suit any interest: SWL, 
Amateur, Laboratory, Broadcast, Marine Radio, 
etc. Frequency Coverage: 150-500 KHz plus any 
(23) 500 KHz ranges between .500 and 30 MHz. 

FEATURES: e Linear dial with 1 KHz readout e 4-pole 
crystal filter In first IF e 4-pole LC liltar in second 
IF e Three bandwidths: 0.4 KHz. 2.4 KHz, and 4.8 KHz 
for: CW, SSB, AM e AVC lime constants opimized 
for each mode e Superior cross-modulation and 
overload performance • Power: 120 VAC, 220 VAC, 
and 12 VOC • Crystals supplied for LW, standard 
broadcast and seven shortwave broadcast bands e 
Built-In speaker a Notch Filler. 

ACCESSORIES: 100 Khz calibrator, noise blanker, 
transceive adapter (T-4XB), DC power cord, loop 
antenna, crystals for other ranges. 


R.L. DRAKE COMPANY 

540 Richard St., Miamitburg, Ohio 45342 
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One of the most devastating experiences that 
could befall a ham is to lose an expensive 
tower and antenna during a storm. What's 
even worse is to be forced to dismantle an 
antenna intallation because of some over¬ 
looked restriction pertaining to a local zoning 
law or building ordinance. 

Hams often erect antennas and install elec¬ 
trical wiring at a new location in their eager¬ 
ness to get on the air, only to receive a "cease 
and desist" order from local authorities be¬ 
cause of some oversight. If you plan to rent, 
lease, or buy a choice piece of real estate that 
promises to be the answer to a dream loca¬ 
tion, it's well to examine the fine print in all 
legal documents associated with the transac¬ 
tion before you sign anything. 

In many parts of the country, local build¬ 
ing codes contain restrictions against the in¬ 
stallation of "radio transmitting apparatus 
and appurtenances thereto." Such restrictions 
are often included in lease agreements, title 
insurance policies, and grant deeds. 

Housing developments are becoming a part 
of the more densely populated areas of the 
country. Property deeds in these develop¬ 
ments often prohibit installation of "struc¬ 
tures that conflict with the existing and 
planned decorative ensemble," or similar 
phraseology. The language of these docu¬ 
ments is often made vague for a purpose; the 
development planners (and your neighbors) 
can then ban any structure they might con¬ 
sider to be at variance with local architectural 
and landscaping motifs. Such structures 
might include anything from chicken coops 
to your $500 antenna installation. 

Before buying or leasing property, make 
certain a clause is added to the legal docu¬ 
ments that will allow you to install a tower 
and antenna. It's a good idea to enlist the 



services of an attorney to help you word the 
clause, oth«!rwise loopholes may exist that 
will cause all kinds of problems. The small 
fee for the attorney's help is well worth the 
peace of mind after you sign on the dotted 
line. 

As a first approach, consult your local radio 
club. In most large cities, ham clubs are rep¬ 
resented by people who are knowledgeable 
in this area, or have members who can steer 
you in the right direction. In California, for 
example, the Los Angeles Council of Radio 
Clubs has a service that provides answers to 
questions from any ham regarding the spe¬ 
cific language in a clause to be added to a 
real estate document. This service is provided 
gratis by W6QJW and WA6ZCO as a contri¬ 
bution to amateur radio. Many other cities 
have similar services. 

Sometimes electrical and building codes 
aren't included in real estate documents; 
nevertheless they're still a part of local law. 
These ordinances should be thoroughly in¬ 
vestigated before you add anything to your 
property. You might take a tip from the ex¬ 
perience of one ham who installed a heavy- 
duty 220-volt circuit between the power com¬ 
pany's service drop and his kilowatt trans¬ 
mitter. Not only did he neglect to obtain a 
construction permit he also tied several guy 
wires from his tower to a power company 
utility pole. He was doing great in a DX con¬ 
test one day when he was visited by a repre¬ 
sentative of the local sheriff's office. Sure 
enough, he was presented with a "cease and 
desist" order that required him to disassem¬ 
ble his tower and the 220-volt line to his rig. 
This chap finished the DX contest with an 
indoor dipole antenna and a healthy respect 
for local ordinances. 

Jim Fisk, W1DTY 

editor 
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Here's the exciting new 
Heath SB-220 2 kW Linear 
Amplifier Running 
maximum legal power on 
amaleur bands belween 80 
and to meters, this compact 
powerhouse features two 
rugged EIMAC 3-500Z zero bias triodes in proven 
grounded grid circuitry. Note the modern desktop 
styling and the heavy duty components. And note the 
use of the reliable 3-500Zs. Heath chose EIMAC 
because Ihese dependable tubes are ideal lor heavy- 
duty operation, around the clock, around the world 
And the two tubes have a total plate dissipalion 
rating of 1000 watts. 

Heath's choice is your choice. Go EIMAC. 

Look lor the equipment featuring EIMAC power tubes. 

The 3-500Z is one of ElMAC's family of zero bias 
power triodes: from 400 watts to 50 kW, Contact your 
distributor or a Varian/Eimac Field Office 
further inlormation. Ollices are located in 
16 major cities. Ask information for 
Varian Electron Tube and Device Group. 

Or write Amateur Services Department. 

Eimac Division of Varian. San Carlos, 

Calif 94070. 



division 

varian 



EIMAC 3-500ZS 
are Heath’s Choice. 















dual-band 

stripline 

amplifier/tri pier 


for 

144 and 432 mhz 


This state-of-the-art 
stripline amplifier 
provides an effective 
efficient way 
to get on 
two popular 
vhf bands 
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Here is an easy way lo update your present 
2- to 20-watl Iwo-meter exciter and gel on 
432 MHz at the same time. Bandswitching 
is accomplished merely by adjusting the 
tuning controls on the front panel. 

The 500 wall capability on two meters 
is more than enough for most serious vhf 
enthusiasts, while the 80 watts available on 
432 MHz is a respectable output and will 
give ample drive for almost any kilowatt 
final you may build. 

The siripline tuned circuits used in this 
unit yield high Q and result in well-shielded 
cavities although common aluminum chas¬ 
sis are used throughout. Furthermore, this 
amplifier/lripler can be reproduced with 
little difficulty—all cavity parts are made 
from ordinary flat material with a nibbling 
tool. 

The unusual grid circuit allows indepen¬ 
dent adjustment of the resistive and reactive 
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components so that the input to the amplifier 
can bo made to look like 50 ohms. This is 
an important factor when driving an ampli¬ 
fier with a transistorized 2-meler transmitter 
since transistors are vulnerable to a high 
swr load.* 

The stripline lechnique is a modern cav¬ 
ity approach you have probably seen be¬ 
fore,'and I suspect you will see more of 
it in the future. Theory of operation is almost 
identical to coaxial cavities, but striplines are 
much easier to build, often provide higher 
Q’s, and have some flexibilities which do 
not exist with conventional cavities. For ex- 


conveniently be made very wide, which 
keeps losses down. 

operation 

The plate circuit for 432, consisting of 
11 and Cl, is a half-wavelength resonator 
with a "flapper" variable capacitor for tun¬ 
ing (fig. 1). At the voltage nodal point on LI 
where an rf choke for feeding in B-h would 
normally be connected, a folded half-wave¬ 
length line is used instead (L2 and C2, res¬ 
onant at 144 MHzl. If the nodal point on 
LI is correctly chosen, the 144-MHz line 
causes no compromise on 432 MHz. 


fig. 1. Simplified schemat¬ 
ic diagram of the grid and 
plate circuits of the 144/ 
432 MHz amplifier.’4ripler. 


•a 

auaao 

ovmjT 



ample, continuously tapered lines are easy 
to build with stripline, but picture the plight 
of an amateur searching for continuously 
tapered pieces of tubing if he were using 
normal coaxial cavities for an amplifier like 
this one. 

The stripline is placed midway between 
the ground planes in this amplifier/tripler 
so equal rf currents flow along both sides 
of the conductor and full advantage is taken 
of the stripline technique. In ordinary coax¬ 
ial cavities, as with siripline, rf currents only 
flow along the outer surface of the inner 
conductor; with stripline this conductor can 

• I drive the amplitier/lripler with a solid-slate 20- 
watt-oulput 2-meter nbfm transmitter that uses one 
Slfl-lype transistor I will be glad to send you a 
schematic diagram (or a self-addressed, stamped en¬ 
velope. 


Inilde view shows positioning of copper-clad 
stripline. Pert of L4 is visible inside the band 
of the 144-MHz line in the upper left-hand 
comer; Cl Is in the lower left. 
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The romponenls of the 432 cavity act as 
stray capacitance to the 2-meter cavity, and 
slighllv increases current in the 2-meter 
section. The inherent high Q of the strip¬ 
line and the demonstrated efficiency of 75 
percent on 2 meters indicates that this is 
not a problem. 

When you desire 432 MHz operation, LI 
and Cl are resonated to 432, and the 2-meter 
cavity is tuned off resonance by minimizing 
the flapper capacitor C2. The output loop 
13 and C3, tuned to 432 MHz, supplies 432 
MHz energy to |2. 

When two-meter operation is desired, the 
432 cavity is tuned off resonance by mini¬ 
mizing Cl, and the two-meter cavity is 
resonated with C2. The output loop L4 and 
C4, tuned to 144 MHz, supplies output to 
)3. 

The shield between the two cavities and 
the individually-tuned pick-up loops mini¬ 
mize undesired output frequencies. In ad¬ 
dition, the shield breaks the box into two 
smaller chambers that greatly reduces the 
possibility of a higher mode resonance; this 
danger exists whenever two dimensions of 
a box approach one half wavelength, and 
this little-known factor has often frustrated 
amateurs. When it occurs, you can't make 
the cavity resonate at the correct frequency, 

Grtd'CircuU layout. Inductor L5 it abovo tockat; C5 
and C6 art slacktd to tha right. Tha C2 tuning 
machanitm it In tha lowar right-hand comar. StiK 
wira in lowar cantar it part ol naulralising natwork. 



find the correct position of the output coup¬ 
ling loop for proper loading, or make push- 
pull finals share the load equally. When the 
box itself resonates, it is usually unloaded 
and has a higher Q than the resonator in- 
sirle; this causes the box resonance to pre¬ 
dominate. All in all, you are safer if you 
keep boxes small. 

I think it's time that amateurs try some¬ 
thing besides link-coupled grid circuits. 
Motorola has an excellent application note-'* 
which describes a number of matching cir¬ 
cuits and gives values for 50-ohm systems. 
Although intended for transistor applica¬ 
tions, they are applicable to tubes as well. 
The circuit I used allows the resistive and 
reactive component to be adjusted over a 
large range. It is reassuring to put an swr 
meter between the driver and final and be 
able to adjust for a 1:1 match at all reason¬ 
able drive levels. 

During two-meter operation, the grid of 
a 4CX250B looks like 16 pF in parallel with 
a 3k resistor. With the greater bias and 
drive used for tripler operation, this resist¬ 
ance goes up to about 14k. The schematic 
of the grid circuit is as follows; 



Capacitor C5 controls the transformation 
ratio (loading) and C6 controls the reactive 
component (tuning). The values in fig. 2 
have enough range for operation on either 
144 or 432 MHz. Some stretching or squeez¬ 
ing of L5 may be required to center the 
tuning of C6. C7 in series with C5, merely 
sets the range of C5. The resultant grid cir¬ 
cuit has a loaded Q of 20 for 144 MHz 
operation and 75 for 432 MHz operation. 

construction 

The amplifier/tripler is built in two 
8x12x3-inch chassis screwed together top to 
bottom. The top of the upper chassis is 
nibbled away, leaving a 3/4-inch wide mount¬ 
ing surface for the cover plate. The tube 
socket hole is drilled 2-7/8-inches from the 
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C1, C2 

Stripline flapper capacitors; see fig. 6 

D1 

hot carrier diode (Hewlett-Packard HP-2301) 

C3 

0.4-8 pF piston (JMC 1802). APC types do 

D2 

Fairchild FD-100 


not function well here 

LI, L2 

Stripline inductors, see fig. 4 

C4 

25 pF air variable (APC-25) 

L3, L4 

Output coupling loops, see fig. 5 

C5, C6 

17.5 pF air variable (HF-15) 

L5 

IVi turns no. 12, 5/16" diameter, Va" long. 

CS 

0.5-3 pF piston (JFD VC25G) 


with Vj" lead length 


Screen bypass capacitor, part of the tube 

R3 

5 feet no. 22 wire, coiled 


socket 

R4 

17.5 feet no. 22 wire, coiled 


Neutralizing capacitor, 3/4" diameter brass 
plate, Vi" from L2 in vicinity of C2. 

T1 

6.3 volt, 3A transformer (UTC S-55) 


fig. 2. Complete schematic diagram of the amplifier/tripler. Resistor R3 should be 0.08 ohm. 

rear of the chassis and 2-1/8-inches from I used 6-32 bolts and blind Bendix rivnuts 

the left side. One side of a third 8x12x3-inch for fastening the top plate. This was done 

chasis was sawed off and shortened slightly because it was necessary to remove the top 

to serve as the shield between the two cover many times during the stripline trim- 

cavities (fig. 3). ming process. However, now that the de- 

A less expensive approach would be to sign is completed, self-tapping sheet-metal 

bend this shield from a piece of sheet screws should serve nicely. The stripline is 

aluminum, but I didn't have a sheet metal built from a single 6x10-inch piece of 1/16- 

brake available. The shield is located 4-1/4- inch double-sided two ounce copperclad 

inches from the rear of the chassis. Some epoxy-fiberglass board (fig. 4). 

of the holes in the shield were positioned This material was used because it is easy 

to optimize cooling of the two-meter strip- to cut and solder. The conductor thickness 

line. Subsequent tests have shown that this is more than adequate since rf current skin 

was not required. The hottest point on the depth in copper at 144 and 432 MHz is 

two-meter line runs 50° C hotter than the 0.218 and 0.125 mils respectively. Almost 

cooling air. any rigid material with a copper thickness 
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fig. 3. Layout of the shield used between the 144 MHz and 432 MHz resonant circuits. Shield is iocated A'J*” 
from the rear of the amplifier (see photos). 


greater than 2 mils should work well. I 
don't recommend brass for the two-meter 
line or excessive use of solder to connect 
the rf choke at the high current point since 
these materials have higher resistivity. 

The finger stock around the tube anode is 
soldered to both sides of the copperclad 
board. The intrinsic capacitance between 
the two sides of the board eliminates the 
need for any other connections. The rf choke 
is connected to the upper side only. I like 
the softer, folder-over type, silver-plated 
finger stock for ease of the tube removal, 
but the stiffer brass types will also work. 

The stripline is supported above ground 
plane by four 1-1/2-inch long threaded por¬ 


celain spacers. Their location was chosen 
so that they don't lie in an area of high rf 
potential which might cause excessive dielec¬ 
tric heating, or in an area of high stripline 
current. They were also placed so that they 
hold the stripline rigid at the flapper capaci¬ 
tors, and no evidence of drifting has been 
noted during 144 or 432 operation. Rexolite 
or Teflon spacers might be superior elec¬ 
trically, but properly-placed porcelain ones 
seem quite adequate. 

Cooling air is brought into the lower 
chassis through a 1-1/2-inch hole and out 
the upper chassis right side through a 1-1/2- 
inch screened hole. The air traverses the 
length of both chassis and cools all corn- 


fig. 4. The dual-band 
stripline is built 
from 1/16"-ihiclc 
double-sided 2- 
ounce copper-clad 
epexy-fiiberglass 
printed circuit board. 
B4- is connected at 
the point marked 
with an astorik. 
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432 

LOADING 



o o 

fig. 5. Output coupling loops. Capacitor C4 is 
mounted on the front of the amplifier 2-1/8" below 
the top and 3-7/8" in from the right side. L4 loop is 
positioned Vi" from inside bend of L2. 

ponents. The screening was first tinned 
around the edges; the inside of the hole 
was tinned with aluminum solder using a 
soldering iron attachment on a butane torch. 
It was then easy to tack the screening in 
place with the iron attachment and torch. 


tuning capacitors 

The flapper capacitors Cl and C2 are built 
as shown in fig. 6. They are made from spring 
brass; the dial cord is brought through a 
small hole in the chassis and wrapped 
around a bakelite rod which extends through 
the front panel. Drilling a small hole in the 
rod and tying the dial cord through it 
avoids any slippage. If the two holes through 
the chassis are small enough, there's almost 
no loss of cooling air. Do not use metallic 
dial cord. 

The bakelite rods are each supported by 
two shaft bushings which are intentionally 
misaligned to cause friction so that the 
capacitor will hold its setting. A sheet of 
10-mil Mylar film glued to the top surface 
of each flapper with silicone rubber ad¬ 
hesive insures that a high-voltage short will 
not occur if the flapper touches the strip¬ 
line. 

Capacitor C2 consists of the variable flap¬ 
per on the bottom of the stripline and a 
fixed but semi-adjustable capacitor plate on 
the top side. It is properly adjusted when 



1/16’ THICK 
STIFFENERS 


SPRINO BRASS 
FLAPPER 


fig. 6. Construction of variable ca¬ 
pacitors Cl and C2. For installation, 
6-32 nuts are soldered to the brass 
stiffeners and the mounting plate for 
the fixed portion of C2. The Cl flapper 
is located 3/8" below LI; C2 flapper 
is 1/4" below L2 and the fixed por¬ 
tion of C2 is 3/16" above L2. The fixed 
portion of C2 is shown bolted to the 
side of the chassis for illustration— 
it is actually bolted to te front of the 
chassis as shown in the photo. The 
1/2" hole in the fixed portion of C2 is 
centered on the stripline mounting 
bolt. 


BRASS 




COPP£R-CLAD 
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the two-meter line resonates with equal 
spacings of these two capacitor plates— 
approximately 3/16 inch. 

power supplies 

A 500-watt input on 144 MHz requires 
5.2 watts drive and 4-2000 volts at 250 mA, 
-t-270 volts at 30 mA and —90 volts bias; 80 
watts output as a 432-MHz triplet requires 


than 375 watts output may be obtained. 
The —90V grid-bias supply makes ad¬ 
justments easier and eliminates the need 
for B-h relays. When drive is removed, the 
tube turns off, even though B-f and screen 
voltage are still present. 

The 4CX25()B filament is designed for 6.0 
volts; a dropping resistor of 0.08 ohms 
must be used if a 6.3-volt transformer is 


fig. 7. Operating charac¬ 
teristics of the hot-carriar- 
dioda output meter. 



100 § 
’ 


30 

ao 


20 watts of two-meter drive and 1400 volts 
B-h. Less drive will still give acceptable re¬ 
sults as fig. 8 and 9 illustrate. These measure¬ 
ments were made with a used 4CX250B tube 
in the final. All power measurements were 
made with 4-1400 volts supply, the limit 
of my high-voltage power supply. If you use 
a 2000 volt supply for two-meter operation, 
efficiency will be slightly higher, and greater 


used. This 2-watt resistance is simply formed 
with a 5-foot length of no. 22 wire coiled 
around a suitable form. An optional wire- 
wound potentiometer allows decreasing 
the 6.0-volt filament voltage to 5.5-V for 
432-MHz operation. The back-bombardment 
of the cathode caused by 20 watts drive 
causes considerable heating, and decreased 
filament voltage will extend tube life. 


fig. 8. Operational charac¬ 
teristics of the amplifier/ 
triplet when used as a 
144-MHz amplifier with B4-, 
1400 V, screen voltage, 
270 V. and grid bias, —90 
V. Higher output and effi¬ 
ciency can be obtained 
with 2000 volts B-|-. 
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On ihe subject of 4CX250B's, I have found 
that many of these tubes will blow the 
screen-grid and plate fuses when excita¬ 
tion is first applied, This may happen hvo 
or three consecutive times, and after that 
no trouble is experienced for hundreds of 
hours. I suspect that small pieces of ma¬ 
terial which seem to be floating around in 


feedthrough. A similar stiff piece of wire 
on the other side of the chassis connects 
the feedthrough to piston capacitor C8. The 
rotor of C8 is fastened to a large ground lug 
which is soldered to the grid pin of the 
4CX250B. 

The folding of ihe two meter cavity re¬ 
duces the total length of the neutralizing 


fig. 9. Opcrillonat char- 
actariilica of tha ampti- 
Fiar whan utad at a trip- 
tar from 144 MHi to 432; 
B-f, 1400 V; fcraan volt- 
ago. 270 V; grid bias -90 
V. 
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some of the lubes occasionally lodge in a 
critical area. Each time a fuse blows, one 
of these pieces is vaporized. 

I fuse the B-f- with a 0.5 ampere TAG 
fuse in a well insulated fuse holder con¬ 
nected in the negative side of the supply. 
The screen supply is fused with a 1/4- 
ampere TAG fuse. The control-grid bias sup¬ 
ply uses a current-limited regulator. 

High voltage is brought into the chassis 
with RG-59/U cable and Amphenol MHV 
connectors. MHV connectors are rated to 
5000 volts, and they automatically create 
a ground through the coax shield; RG-59/U 
cable is rated at 2T00 volts rms. I strongly 
recommend using these or a similar type of 
high voltage connector for any final because 
groundless connectors represent a danger¬ 
ous hazard if the ground system is dis¬ 
connected. 

neutralization 

The two-meter neutralizing circuit con¬ 
sists of a 3/4-inch diameter brass plate held 
1/2-inch below L2 in the vicinity of C2 
by a stiff piece of wire soldered to a Teflon 


circuit. This prevents the need for floating 
the grid circuit components, a technique 
which is required with the usual two meter 
neutralizing circuit. It is reassuring to per¬ 
form the neutralizing procedure and ob¬ 
serve the power fed through to the plate 
circuit disappear by approximately 30 dB. 



Rear viaw of unit ihewi high-vottaga B-f MHV con- 
naclor on towar taff. Tha naar eivily with tha 
4CX2S0B if tunad to 432 MHi; far cavity ta tunad to 
144 MHi. 
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Neutralization is carried out with fila¬ 
ment and grid-bias voltage turned on and an 
appropriate amount of two-meter grid drive 
applied through an swr meter to J1. As you 
adjust C5 and C6 to 1:1 swr you will note 
a peak in grid current if your driver has a 
50-ohm source impedance. If no swr meter 
is available merely adjust C5 and C6 for 


tune up 

The two-meter output circuit is adjusted 
with SI and S2 in the 144 position and 
adjusting C2 and C4 for maximum indica¬ 
tion on the output meter. L4 is adjusted for 
proper loading by bending it away from or 
nearer L2. When proper loading is obtained, 
C4 will be near its mid position, and 


fig. 10. T«»t t«tup for tho 
ipoctrum display of the 
144-MHi ouput. Spoc- 
trum display is shown lo 
tho loft. Cantor of dis* 
play Is 500 MHz. hori¬ 
zontal Bcalo is 100 MHz' 
cm and vortical scalo Is 
10 dB/cm. 



BIRD 

rroMDL/Nf 
MODfLOSOt 
500 WATT 


maximum final grid current. 

Next, minimize Cl. A grid-dip meter in 
the diode position and tuned to 144 MHz 
is held near the bend in the two-meter line, 
and C2 is adjusted for maximum indication. 
An insulated tuning tool is used to adjust 
C8 for minimum indication on the grid- 
dip meter. The amplifier is now neutralized. 
Slightly more accurate neutralization is ob¬ 
tained if the top cover is screwed dowi 
and the grid meter is coupled to a two 
turn link at j3. Very stable two-meter oper¬ 
ation occurs with either neutralizing scheme. 


screen current will be approximately 15 mA. 
Screen current should be monitored closely 
during tuneup since it's the best indication 
of tube loading: increasing screen current 
indicates decreased plate loading. 

Screen current in excess of 40 mA for 
any appreciable time may destroy the screen 
grid. The plate, by comparison, is quite 
rugged when air is forced through it at 
greater than 10 cubic feet per minute. Air 
pressure at 0.5 inch of water is required to do 
this. A 4-inch squirrel-cage blower should 
be used. 



Resonant componanlt are hald In place with fix screws. Striplina is to the right and hied portion of C2 
is on lower left; 4CX250B and air chimney are in upper left. 


14 Q february 1970 














During 432-MHz tuneup 144-MHz grid 
drive is increased to 20 watts—if you have 
that much—switches SI and S2 are set in 
the 432 position, C2 is minimized and a 
suitable load is connected to |2. When 
maximizing 432 output there is usually no 
clearly defined plate current dip; this is a 
normal characteristic of triplers, but the out- 


is 285 watts with 9 watts drive and a 1400- 
volt plate supply. Efficiency is a respectable 
75 percent. Higher output could be obtained 
with a higher B-t- supply. As a tripler to 
432 MHz, the unit provides 80 watts output 
with 20 watts of two-meter drive; efficiency 
in this mode is about 25 percent. 

One of the most important characteristics 


100' ffO-MO MO 



Bg. 11. T«tl ttiup for tho sptcinim ditplay of tho 
unit oporaling at a trlplar from 144 to 432 MHi. Spoc- 
tnim display it to tho right. Cantor of display it 480 
MHt, horiionUI tcalo it 100 MHx/cm and vortical 
tcalo It 10 dB/cm. 


put metering circuit makes adjustment very 
easy. Cl, C3, C5, C6 and R2 are varied while 
observing the output meter. I have found 
that lowering the screen or plate voltage 
is the best way to decrease output on 432. 
Decreasing the loading merely decreases the 
efficiency. 

Schottky-barrier diodes with a recovery 
time of 100 picoseconds make a simple 
432-MHz output metering circuit possible 
without a microammeter. Maximum rf volt¬ 
age output always yields maximum power 
output regardless of the standing wave ratio 
of the antenna or the length of the trans¬ 
mission line (if no changes in the antenna 
or transmission line occur during the tune- 
up). The output-meter characteristics are 
shown in fig. 7. 

performance 

Complete perlomiance characteristics of 
the 144/432 MHz amplifier/tripler are shown 
in figs. 8 and 9. On 144 MHz, power output 



Sp«clrum •nalyxcr display of 144>MHz output. 



Spactnim analyzar display of 432-MHz output. 


of vhf power amplifiers and frequency mul¬ 
tipliers, and one of the least discussed, is 
the level of spurious outputs. Spectrum dis¬ 
plays of this amplifier/tripler's output on 
144 and 432 MHz are shown in figs. 10 and 
11 along with the test setup used. 

When operated as a power amplifier on 
144 MHz, 288 MHz output was 41.5 d8 
down, 432 MHz output was 40.5 dB down 
and 576 MHz output was more than 50 
dB down. With 285 watts output on two 
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meters, this represents 20 mW on 288 MHz, 
25 mW on 432 MHz and less than 3 mW 
on 576 MHz. 

As a tripler from 144 to 432 MHz, 144 
MHz output is 34.0 dB down, 288 MHz 
output is 38.3 dB down, 576 MHz output 
is 50 dB down, 720 MHz output is 65 dB 
down and 864 MHz output is 43 dB down. 
With 70 watts output on 432 MHz, these 
figures correspond to 27.8 mW on 144, 
10.4 mW on 288 MHz, 0.7 mW on 576 
MHz, 0.02 mW on 720 MHz and 3.5 mW on 
864 MHz. These figures have all been cor¬ 
rected for cable loss; in addition, the 144- 
MHz amplifier figures include measured di¬ 
rectional coupler losses on each of the 
frequencies of interest. 

summary 

The techniques used in this dual-band 
final have other applications. With modifi¬ 
cations of the grid and plate circuits, multi¬ 
band operation on 144, 220 and 432 MHz 
should be possible. If a dual-band grid cir¬ 
cuit similar to the present plate circuit is 
constructed, then this final will also have 
the option of operating straight through as 
an amplifier of 432 MHz. A multiband grid 
circuit doesn't need to be nearly as large 
as the plate circuit since much smaller pow¬ 
er handling is required. The flapper capaci¬ 
tors could be replaced with commercial 
variable capacitors. 

Most of the modern rf developments seem 
to be occurring in the solid-state field, but 
a person familiar with both vacuum tubes 
and transistors can select the best tech¬ 


niques of each discipline. Although strip¬ 
line was primarily a transistor-oriented de¬ 
velopment its advantages should give it con¬ 
siderable application with vacuum tubes. 
Stripline design graphs are available in "Ref¬ 
erence Data for Radio Engineers."” 

This amplifier/tripler would not have been 
possible without consultations with striplinc 
authority Henry Keen, W2CTK.'f Thanks also 
go to James Buscemi, K20VS, Edward Mentz, 
K2LCK, Rchard Winderman, WA20BG, Fred 
Telewski, WA2FSQ and Douglas McCarrett, 
WA2SAY for their valuable assistance. 



R«ftr vi«w of th« compl«t« amplifier/ 
triplar unit for 144 and 432 MHi. 
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MODEL 270... 5 BANDS... 260 WATTS 


The new Cygnet line is our latest development, and promises to become tremendously popular. Being 
self-contained with AC and DC power supply and loudspeaker, it is designed for easy portability, 
ideal for vacation or business trips, field day, or mobile operation. At the same time it provides all 
the necessary power and versatility for a complete home station. The 508 external VFO or 510X crystal 
oscillator will plug directly into the deluxe Cygnet 270, as will the VX-2 Vox unit or FP-1 Phone Patch. 
And, if you feel the need for more power, the Cygnet Linear provides a 5 times increase to better 
than 1200 watts. The Cygnet line comes with the same high quality and reliability that is traditional 
with all Swan products. And with the famous Swan customer service, if and when required. 


0 THE LIHLE GIANT 

DELUXE CYGNET TRANSCEIVER 
MODEL 270 

260 watts P.E.P. input on 10 through 80 meters. 

A complete amateur radio station including 117 volt 
and 12 volt DC power supply and loudspeaker in one 
package with a handle. Has lOOKC crystal calibrator. 
Dial Set, A.F. Gain, R.F. Gain, AGC, ALC, S-meter, side¬ 
band selection, all the features required lor home 
station operation with enough power to work the world. 
Yet, the Cygnet is small and light enough for mobile 
or portable operation; an ideal traveling companion on 
business or vacation trips. $525 


0 CYGNET LINEAR AMPLIFIER 

1200 watts, P.E.P. input, 10 through 80 meters. Has 
self-contained AC power supply, and same cabinet site 
as Cygnet Transceivers. Utiliring a grounded grid, su¬ 
per cathode drive circuit with four 6LQ6’s, both ef¬ 
ficiency and linearity are exceptionally high. Plugs 
directly into Model 270. May be easily adapted to 
the 260 and other transceivers. $295 

OTHER ACCESSORIES: 

0 PLUG-IN VOX. FOR 270 

Model VX-2 $35 

0 PHONE PATCH 


0 CYGNET MODEL 260 

Standard version of Deluxe 270. Same power and cir¬ 
cuitry, without some of the Deluxe leahjres. Still a 
magnificent talking machine. $435 



0 SWANTENNA 

MOBILE ANTENNAS 

10, IS. 20, 40 and 75 meters. 
SOO watt power ratirig. High ef¬ 
ficiency. No more coil changing. 


MODEL 55.$95 

(Remote switching model) 

MODEL 45. 65 

(Manual band selection) 


For all Swan Transceivers. Model FP-1 $48 

0 CYGNET CARRYING CASE 

Genuine leather, hand crafted in Mexico. With space 
lor Mic., antenna and Log. $32 
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OCEANSIDE. CALIFOFINIA 


A Subsidiary of Cubic Corporation 














phase-modulated 

transmitter 


for two meters 


An interesting design 
featuring solid-state 


The transmitter shown here can be operated 
as a complete low-power vhf unit, or it can 
be used to drive a larger amplifier. The 
output at 144 MHz is between one-half and 
one watt when used with a 12-volt battery. 
As much as two watts can be obtained by 
running the buffer and final amplifier from 
a 26-volt supply, but this is getting toward 
the upper limit of the type 40280 transistor. 
The 40280 has a maximum rating of 7 watts 
input at 25‘'C, so under normal conditions, 
even with a good heat sink, about 4 watts 
input or less would be a safe limit. 


devices, 
narrow bandwidth, 
and low power 
comsumption 


( transistor ratings 

The buffer and last two doubler stages 
use a new, low-priced (55 cents) RCA type 
2N5188 transistor rated at 4 watts maximum 
at 25°C. Probably two watts input would be 
je a safe rating with a moderately good heat 
S sink, and one watt input with only a clip-on 
„ collector and case cooler or radiator. Two 

E different types of heat sink are used, as 

S shown in the top chassis view. The black 
U large-finned type is a little better for cool- 
^ ing than the small-ribbed aluminum coolers, 
o The RCA 40280 output amplifier was slipped 
into a stud-mounting casing and the casing 
u was mounted in a large-finned heat sink 
g with mica washers for insulators. This per- 
mits operation at higher voltage and current, 
I but it is not essential, as a 12-volt supply is 
g used for all stages. A fairly good-sized finned 
Q cooler would be sufficient in this case if the 
g input to the amplifier is kept to IV 2 watts. 

^ The 40280 transistor costs nearly five dol- 
^ lars as compared to fifty-five cents for the 
^ 2N5188, but is about 20 to 25 percent 
S more efficient at 144 MHz and has a greater 
.0 input frOwer rating. If a half-watt output is 
U sufficient, a 2N5188 can be used in the out- 
"c put stage at considerable savings in cost. 
£ Some 2N5188 transistors are apparently 
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nearly as good as the 40280. Probably their 
/t is higher than average and approaches 
that of the 40280. In trying out a dozen 
2N5288's, two were found that worked ex¬ 
tremely well at 144 MHz, and three others 
were well above average in output. All 
functioned very well up to 72 MHz and not 
too badly at 144 MHz with a 12-volt supply. 
They have a maximum collector-to-emitter 
rating of 25 volts and a base-to-emitter rat¬ 
ing of 5 volts. These values should never 
be exceeded, and a safe figure of V 2 of 
these values is advisable for dc ratings. 

The 40280 has simil ar maximum ratings 
of 36 and 4 volts, so both types should oper¬ 
ate from a 12- or 13-volt battery with long 
life expectancy. The 40280 has an h of 550 
MHz vs 325 MHz for the 2N5188, which 
means less efficiency at vhf for the lower- 
priced transistor. Both are double diffused, 
epitaxial planer silicon transistors, with the 
same case and lead arrangements. The input 
and output capacitances are a little dif¬ 
ferent, which means retuning circuits when 
interchanging these two types. 

The 2N3553 is similar to the 40280 in 
cost and performance, but can be used at 
higher supply voltages, since its maximum 
rating is 65 volts. At 12 volts the results 
were about equal to the best 2N5188's. 

amplifier stability 

The amplifier circuit used with the 40280 
was regenerative, so that care had to be 
taken to tune the input and output circuits 
correctly for maximum output at only the 
desired frequency. Using a dummy antenna, 
the rf output would sometimes double with 
the same rf drive, but with more than double 
the collector current. Monitoring the output 
with a receiver indicated faulty operation 
with lots of "hash" noise and less-than- 
normal carrier output at the desired fre¬ 
quency. This condition seemed to take place 
when the series output tuning capacitor was 
set at high values of capacitance. When kept 
below 15 pF, normal operation occurred 
with 100 to 150 mA at 12 volts. 

the importance of high Q 

Unless extremely high-Q tuned circuits 
are used, a single interstage circuit will 


have more loss and less harmonic suppres¬ 
sion than two circuits of moderate unloaded 
Q. These stages can then be loaded down 
to an operating Q of 10 or so, with good 
efficiency and good harmonic suppression. 
This approach was used in the transmitter 
illustrated here. Double-tuned circuits were 
used in all doubler and vhf stages. 

frequency multiplier efficiency 

Two types of frequency doublers were 
used, both having a low base-to-emitter im¬ 
pedance path for the doubler output fre¬ 
quency. Transistor doublers have consider¬ 
able output-to-input feedback through the 
base-fo-collector capacitance. This required 
a low impedance path from base to emitter 
to get much efficiency in the frequency mul¬ 
tiplier. 

The methods used here consisted of a 
low C-to-L ratio, series-tuned circuits from 
base to ground or emitter for the vhf range. 
A capacitance divider for matching the low 
base-input impedance to a higher LC im¬ 
pedance also provides a fairly low base-to- 
emitter impedance at the harmonic fre¬ 
quency as compared to the capacitance 
divider circuit. 

Measurements indicated about twice as 
much output power available for the same rf 
drive when the base-to-emitter impedance is 
very low at the output harmonic frequency. 
No tests were made here in that regard for 
straight-through rf amplifiers. The capaci¬ 
tance divider coupling circuits for base in¬ 
put were used in the lower rf ranges. 

Low-priced 2N2711 or 2N5182 bipolar 
transistors were used in the first three doub¬ 
ler stages. These have different pin connec¬ 
tions, but are not too unalike for doubler 
service in this transmitter. Older 
type 2N706's can also be used, but these 
have a lower beta and are not quite as ef¬ 
ficient as the newer types. In general, the 
higher-numbered transistors are more ef¬ 
ficient and cost less (2N5182 is 40 cents 
new). 

The circuit diagram (fig. 1) and photo¬ 
graph show plastic 2N2711's, since these 
were available from another project of a 
few years ago. The 2N706's were also tried 
in the last doubler and in the 144-MHz buf- 
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fig. 1. Schematic of the 144-MHz solid-state phase- 
modulated transmitter is shown to the left. Low-cost 
transistors and high-Q circuits are featured. 

LI Broadcast band loopstick, 100 to 250 ^H. 

L2 40 turns no. 30E, V 2 inch long x Vi inch diam¬ 
eter. F slug. 

r 

L3, L4 22 turns no. 28E, 5/16 inch long x Vs inch 
diameter. slug. 3Va turn [inks. 

L5 17 turns no. 26E, 5/16 inch long x V 4 inch 
diameter. Tap 10 turns up. 2V2-turn link. 

L6 Same as L5, except no tap. 2V2-turn link. 

L7 12 turns no. 26E, V 4 inch long x V 4 inch diam¬ 
eter. Brass slug. 6-turn tap. 

L8 Same as L7, except no tap. 

L9 21 turns no. 24C, V 2 inch long x V4 inch diam¬ 
eter. No slug. 

L10 9 turns no. 22E, V 4 inch long x V4 inch diam¬ 

eter. Brass slug. Tap 3 turns up. 

L11 Same as L10, except no tap. 

L12 10 turns no. 24C, Vt inch long x V 4 inch diam¬ 

eter. No slug. 

L13 5 turns no. 18E, V 2 inch long x 5/16 inch diam¬ 

eter. Tap 2 turns up. 

L14 8 turns no. 18E, 3/8 inch long x V 4 Inch diam¬ 

eter. 

L15 5 turns no. 18E, V 2 inch long x 5/16 inch di¬ 

ameter. Tap IV 2 turns up. 

L16 5 turns no. 18E, V 2 inch long x V4 inch diam¬ 

eter. 

L17 3 turns no. 18E, 3/16 inch long x 3/16 inch 

diameter. 

L18 6 turns 1/16-inch wide copper strip or no. 

14E, 1 inch long x 5/16 inch diameter. 

L19 Same as L18, except 4 turns. 

fer stages, but they got pretty hot and were 
less efficient than the 2N5188's, These stages 
were biased and driven to about 50 mA of 
collector current with a 12-volt supply. A dc 
voltmeter with an rf choke in one lead 
should be used to check the voltage on the 
doubler stages. The bias resistor in the base 
circuit should be low enough to keep oper¬ 
ation well below the maximum rated base- 
to-emitter values listed in the transistor data 
sheets or handbooks. Too low a value will 
reduce rf output. 

phase modulator 

The phase modulator is rather interesting. 
It is a high-Q, very low-C circuit consisting 


of a broadcast band "loopstick" slug-tuned 
coil with an inductance range of about 100 
lo 250 /iF. It is coupled lightly to the crys- 
lal oscillator and to the buffer input through 
1-pF capacitors to keep the circuit at a high 
Q and low C. 

Two small silicon (200 mA, 200 V) type 
1N645 diodes were connected back-to-back, 
with some reverse dc bias, to act as small 
variable capacitors across the loopstick coil. 
Fhe resting dc bias, of some value between 
6 and 12 volts, sets the initial capacitance 
of these "variable capacitor diodes." The 
voltage from the audio amplifier then varies 
the capacitance and the phase of this cir¬ 
cuit. 

The coil slug is adjusted to bring the cir¬ 
cuit near the crystal frequency, since the 
LC phase changes rapidly and fairly linear¬ 
ly in this region. The variable-capacitor 
diodes, back-biased, have a resistance of 
probably 1000 megohms; thus they have 
practically no effect on the circuit Q. A re¬ 
actance-type transistor would load the cir¬ 
cuit. The diodes are connected back-to- 
back to reduce the possibility of the peak 
rf voltage biasing the diodes in the for¬ 
ward direction. 

Very small capacitance coupling to the 
oscillator is needed to keep the rf peak 
voltage to a few volts across this high-Q 
circuit. The higher the Q, the less capa¬ 
citance change needed for a given amount 
of phase modulation. 

modulator diode considerations 

A low-Q circuit in the modulator usually 
requires special varicap diodes, which are 
more costly than small silicon power-recti¬ 
fier diodes. Computer diodes generally have 
too small a capacitance change to work 
well in this circuit. "Top hat" rectifier di¬ 
odes also work, but often have a larger 
shunt capacitance, so the small glass-en¬ 
closed diodes are better. Pick a couple that 
show "infinite" back resistance on an ohm- 
meter test, and be certain that the cathodes 
are connected together and to the af and 
plus dc bias circuit. The power rectifier 
diodes have much less capacity change than 
a regular varicap, but work in exactly the 
same manner. 
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The af amplifier uses some surplus fet's 
in a resistance-coupled system. Motorola 
MPFIOB's are reasonably priced and may be 
used in place of the 2N4302 transistors 
shown in fig. 1. The socket connections are 
different, however. 

A simple diode speech clipper was used 
to run the phase modulation at a fairly 
high average level. This requires an addi¬ 
tional af stage and gain control to function 
well. 

construction notes 

At this point it should be apparent that 
this article is more concerned with ideas for 
good transistor circuit design than with a 
pure mechanical layout or design that can 
be copied exactly. As the photographs show, 
there are extra holes in the 5x13-inch cop¬ 
per-plated panel that resulted from numer¬ 
ous experiments in the design. This panel, 
copper side down, was mounted in an old 
5x13x3-inch chassis for shielding and pro¬ 
tection of parts. Coil data is given in fig. 1. 

After some difficulties were ironed out 
in the crystal oscillator, this transmitter 
was used to transmit fm signals through a 
MARS repeater station. The main problem 
here was to get onto the exact frequency 
and stay there. One of the npo variable 
ceramic capacitors in the crystal oscillator 
either was not really an npo unit or had a 
faulty bearing. Once the correct values 
were obtained, the ceramic variables were 
replaced with fixed silver mica capacitors 
except for the one across the crystal (this 
was changed to an air-type variable padder 
so the crystal could be set to oscillate 
within a few Hz of the value desired). A 
22 pF capacitor from gate to ground and a 
5 pF or 10 pF from drain to ground were 
suitable values. A 5- to 25-pF variable was 
placed across the crystal. Motorola MPF105 
fet's were used in the crystal oscillator and 
in the buffer stage at 4.6± MHz. 

operation and tuning 

The five doubler stages multiply the crys¬ 
tal frequency 32 times and increase the 
phase modulation. The final result is a 
phase-modulated signal in the two-meter 
band with a bandwidth of 5 kHz or more, 


suitable for voice communication with a 
narrow-band fm receiver. 

The total current drain with a 12-voit 
dry battery, storage battery, or regulated 
power supply is about 1/3 ampere. If the 
current is near 0.5 A, probably a parasitic 
oscillation is present in the 40280 transistor 
stage. 

In tuning up the transmitter, the total 
current drain will be about 10 or 20 mA 
with the crystal out. Each stage, as it is 
tuned to resonance (with the crystal oscil¬ 
lator working), will increase the total dc 
current a few mA until the power transistor 
stages are reached. All these stages, using 
bipolar transistors, run at near-zero current 
until rf drive is applied to each stage. If 
any rf or doubler stages in this system 
draw appreci.ible current with the crystal 
out, then parasitic oscillation, incorrect wir¬ 
ing, or faulty transistors can be suspected. 

After some rf output is obtained, the 
series-trap circuits at 72 and 144 MHz can 
be peaked for maximum output. Some tuning 
adjustments on these circuits can actually 
reduce the stage output to a very low value. 
The correct adjustment results in maximum 
rf output. 

A radio receiver is used to monitor the 
output on two meters during tuneup. Use 
a 50-ohm, 1-watt dummy antenna and rf 
voltmeter (or a dummy antenna and swr 
meter). Again monitor the output on two 
meters after an antenna is connected, since 
an antenna usually presents a different load 
than a dummy antenna. This may cause the 
output amplifier to self-oscillate until proper 
loading is again set in the output pi coupling 
circuits. Physical layout, ground connections, 
bypass capacitor reactances and rf chokes 
can all cause variations in the operation of 
an unneulralized rf amplifier. 

Phase or frequency modulation permits 
more leeway than if the transmitter were 
amplitude modulated. Personally, it seems 
to me that a transistor linear amplifier would 
be easier to lame than an amplitude-mod¬ 
ulated amplifier. Even in a cw or phase- 
modulated transmitter, parasitic or self os¬ 
cillation is definitely not to be permitted 
on the air. 

ham radio 
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The HRfTIfnRRLUND Manufacturing Company Incorporated 

20 BRIDGE AVE.. RED BANK, N. J. 07701, CABLE: EACORP REDBANK. N J , TEL 201 842-5700 A SUBSIDIARY OF ELECTRONIC ASSISTANCE CORPORATION 

1970 


Dear 0,M.; 

Every month we put our best foot forward and try our 
darndest to convince you to buy our product. I try to 
make our ads convincing in the hope you will rush to your 
favorite distributor to buy a Hammarlund product. 


You have seen Hammarlund ads these many months. We 
are still building the radios you saw advertised on these 
pages during 1969. I honestly feel if you haven't used a 
Hammarlund receiver or linear in 1969, you owe it to your¬ 
self to try one. I'll bet you know at least one ham buddy 
who has a Hammarlund radio in his shack. And I know he'll 
be proud to show it off! 

Tell you what I'm gonna' do - if you take the time to 
make this "Instant Demo" and you believe as your friend 
and I do - and buy a new Hammarlund radio. I'll send both 
of you a Hammarlund accessory of your choice - speaker, 
clock or crystal calibrator. 

I'll keep this offer alive for February and March to 
give you all a chance to really try it for yourself. 

Drop me a note or stop in to see your distributor for 
more information. A list of Hammarlund distributors is 
available; upon your request. I'll send you the names of 
your local Hammarlund Authorized Distributor. 




Irving ^trauber 
W2ERV/W‘fMVC 


20 Bridge Avenue 
Red Bank, N. J, 07701 
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HOUR DELIVERY ON 
ALL ORDERS OFTEN 
CRYSTALS OR LESS 


...well it will take someone 
with manufacturing 
“know how "to do it i 


But of more importance the crystal must be manufactured 
to Strict Specifications, have TOOd activity and operate 
"on freauency" in the circuit for which it was ordered. 


"on frequency" in the circuit for which it was ordered. m j 

SENTRY can manufacture crystals for all two-way radio K j 

equipment; Commercial, Amateur, Aircraft, Military and / 

Citizen Band. You need only to specify the model of / 

set and channel frequency. / 

You don't believe it. when we say - "Buy the Best"? 

You are satisfied with your present supplier? \ --- 

Ynii arp <;a1i<:fipri with hiiih nrices? 1 SEND FOR OUR CATALOG OF PRECISION • 


You are satisfied with high prices? 

You are satisfied with "second best"? 

Until you try SENTRY you will never knowl 
Try Us! Make Us Prove It! "Buy the Best" 


QUARTZ CRYSTALS AND ELECTRONICS j 
FOR THE COMMUNICATIONS INDUSTRY. 

IT WILL COST YOU NOTHINGI • 


I 


1 


I 




<\\ 



SENTRY MANUFACTURING COMPANY 

Crystal Park, Chickasha, Oklahoma 73018 

- PHONE: 405-224-6780 - 
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a survey of 
solid-state 

power supplies 



Regulated power 
is a must 
for today’s 
new circuits- 
here’s a report 
on some new devices 
and 

their applications 
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Since the publication of a previous article 
on power-supply design^, the semiconductor 
industry has introduced devices that have 
made a tremendous impact on the world of 
power supplies. Therefore, a review of pow¬ 
er supply theory, with a transition to these 
new semiconductor devices, is in order. 

basic circuit 

The rectifier-filter section of the power 
supply is ordinarily one of the five familiar 
types shown in fig. 1. Of these, I don't gen¬ 
erally use any but the full wave, bridge or 
conventional doubler. I favor these because 
they have much better regulation and ripple 
reduction. Ripple reduction is better be¬ 
cause the ripple frequency is twice that of 
the line frequency. Compared to a half-wave 
circuit, the chokes and capacitors in a full- 
wave rectifier effectively have twice the in¬ 
ductive reactance and one-half the capaci¬ 
tive reactance respectively. 

Another convincing argument in favor of 
the full-wave and bridge circuits is that either 
choke input or capacitive input may be 
used. Thus, for any given transformer, two 
dc output voltages are available in the bridge 
connection, and two more are available in 
the full-wave circuit. 
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I use the half-wave types (half-wave and 
cascade doubler, <ig- 1) only when it's neces¬ 
sary to ground one side of the transformer 
secondary. Such a requirement usually occurs 
when adding on to existing equipment. 




0+ FULL WAVE 


O- 



BFIDOE 


CONVEimONAL 

DOUBLER 


CASCADE 

DOUBLER 


lig. 1. Commonly usod rectifier circuits. 
Fuli-wave versions provide best regula¬ 
tion and ripple attenuation. 


the output is as well filtered as the base. 

Where did the ripple go? It's soaked up 
by the collector-to-base potential, which 
varies at the ripple-frequency rate. Note that 
enough voltage must be across the collector- 
base junction so that negative swings of the 
ripple voltage don't go below the zener-reg- 
ulated base voltage. 

transistor current gain 

The transistor current gain is important in 
this type of regulator as well as in the others 
to be discussed. The higher the current gain, 
the less base current necessary for any given 
regulated output current. The higher hfg is, 
the larger R1 can be. This results in better 
RC filtering (by capacitance multiplication). 
Fig. 3 illustrates this with three similar emit¬ 
ter-follower regulators, their respective peak- 
to-peak ripple output, and output voltage as 
a function of current. All have the same rec¬ 
tifier-filter sections and load resistances. 

the darlington pair 

Fig- 3C uses a trick called the Darlington 
pair: two transistors are connected as one 
to obtain the product of their current gains 
as the combined h^^. This may seem unfair 
while we're making comparisons, but this 
Darlington pair is in one package and is used 
just like any other transistor. Of course, sep¬ 
arate transistors can also be used similarly 
but the common-chip types have a thermal- 
tracking advantage. Note that there are two 
emitter-base diode voltage drops between 
the zener and the output, so a higher-voltage 
zener must be used. 


series voltage regulators 

The simplest voltage regulator that uses 
gain is the emitter-follower type, fig. 2. The 
transistor current gain, hf^, allows this series 
regulator to regulate much more current 
than the zener by itself. Another important 
advantage is that the circuit also functions as 
a capacitance multiplier. The base voltage is 
filtered by R1-C1 in addition to any filtering 
ahead of the regulator. Since it is an emitter- 
follower, the emitter "follows" the base, so 



fig. 2. Emitter-follower series regulator. Transistor 
current gain gives more current regulation than the 
zener atone. 
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fi'g. 3. Series regulators with "capacitance multipli¬ 
cation.” The Darlington Pair is shown in C; higher 
zener impedance causes ripple voltage to be the 
same as in B. 


It's also possible to use another form of 
two-transistor combination in the emitter- 
follower regulator. Fig. 5 shows such an ar¬ 
rangement; note that complementary tran¬ 
sistors are used. Unfortunately, no single¬ 
package npn-pnp transistor is yet available 
for this circuit, so separate transistors were 
used. The advantage of this "compound 
emitter follower" over the Darlington Pair is 
that it has only one base-emitter diode volt¬ 
age drop between control base and output. 



(ig. 4. Reference emplifier regulator, allowing ad¬ 
justable output voltage. R1 is coliactor load resis¬ 
tance for Q2, a dc amplifier. 


adjustable output voltage 

The emitter-follower regulator, with its 
simplicity, is a useful regulating circuit, but 
it has a troublesome characteristic. The out¬ 
put voltage is fixed at — Ebe (the zener 
breakdown voltage less the transistor base- 
to-emitter diode forward voltage drop. 

By making the circuit a bit more complex, 
output voltage can be made adjustable. Fig. 4 
shows the more sophisticated circuit. Now, 
R becomes a collector load resistance for Q 2 , 
a dc amplifier. Qg amplifies the difference 
between £,,, the zener voltage and Eg, a fixed 
fraction of the regulated output voltage (er¬ 
ror voltage). This form of voltage regulator 
is widely used because it is simple and adjust¬ 
able. Because of this wide use, several com¬ 
panies have offered integrated packages con¬ 
taining Q2 and An actual circuit is 

shown in fig. 6A for a "handle on reality." 
Note that in such circuits Cl is not made 
large for capacitance multiplication, but the 
added gain of the circuit is relied upon for 
ripple attenuation. 
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fig. 6. Practical circuits using reference amplifier principle. The new G.E. “programable zener,” a small-scale 


the programable zener regulator 

An interesting new device from General 
Electric is a monolithically constructed regu¬ 
lator called a "programable zener." It doesn't 
have a number assigned as yet, but if it's like 
other members of G.E.'s small-scale integrat¬ 
ed circuit line, it'll probably have a D13XX 
number with a price tag of about a dollar. 
A circuit using it, fig. 6B, is similar to that of 
fig. 6A. Note its new circuit symbol. (I assume 
that the zener in this 1C is an emitter-base 
breakdown diode.) The circuit using the pro¬ 
gramable zener regulator shows good regula¬ 
tion to well over one-half ampere of load 
current. 

differential dc amplifier regulator 

By adding one or more transistors to our 
regulator, even better regulation can be ob¬ 
tained. Fig. 7 shows how a differential dc 
amplifier ailows the zener reference to run at 
a constant low current, improving reference 
stability. 

The improvement offered by this differen¬ 
tial amplifier is especially noticeable if its 
main function is to compensate for variations 
in the input voltage. A typical case would be 
where the input is from a 12-volt line in an 
auto electrical system. Fig. 8 shows a practical 


regulated supply using the differential ampli¬ 
fier. The differential amplifier 1C is one of the 
most practical monolithic circuits. 

fet regulator 

Still another interesting development on 
the power supply scene is the use of power 


RPPLE AT SDOmA 
LOAD IS OW3V P-P 
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fig. 5. The “compound emitter-follower” regulator. 
Compared to the Darlington Pair, it has only one 
base-emitter voltage diode drop between base and 
output. 
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1C, is shown in B. 


fet's as series regulators.^ This has only re¬ 
cently become economically feasible, be¬ 
cause several semiconductor manufacturers 
are now making power fet's, and the prices 
are beginning to come down. 

There are several advantages to using a fet 
as a series regulator. The first is that the regu¬ 
lator has inherent current limiting, since the 
fet current is limited to l,jj,. The second ad¬ 
vantage is that "thermal runaway," as experi¬ 
enced with bipolar transistors, is not possi¬ 
ble. The third reason is that because of the 
high impedance of the gate, essentially no 
gate current is required to control the fet 
current. This makes the fet gate even easier 


for the dc amplifier to control, and higher 
dc gain may be used. 

The circuit shown in fig. 9 uses a series 
power fet, a bipolar dc amplifier, and a sec¬ 
ond fet as a constant-current source. The 
constant-current source replaces the usual 
resistor load of the dc amplifier. By using 
the constant-current source as a load resis¬ 
tor, higher voltage gain can be obtained in 
thedc amplifier. The 5k adjustable source re¬ 
sistor allows the constant-current flow to be 
set to the value giving best temperature sta¬ 
bility. This is usually around 0.33 mA. Be¬ 
cause rather low current is used in the dc 
amplifier, a bipolar transistor displaying 


fig. 7. Differential dc am¬ 
plifier regulator. Zener ref¬ 
erence runs at constant 
low current, improving ref¬ 
erence stability. 
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fig. 8. Practical application of the dc differential amplifier. 

good hfe at low current (the Fairchild a minimum load is required, which is sup- 

2N3565) was used. Also, the zener was cho- plied by the number 327 pilot lamp, 

sen to have a low impedance at 0.33 mA. There are a couple of disadvantages to 

Since the supply of fig. 9 uses choke input, using an fet series regulator, but these are 



fig. 9. Series-regulated supply using power fet’s. The second fet replaces the usual resistor load as a con¬ 
stant-current source allowing higher voltage gain. 
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not intrinsic faults. The obvious problem is 
cost; the less obvious one is loose specifica¬ 
tion of Ijgg. The Siliconix U221 and U222 
have ljj,g specifications of about 2 to 1, 
which are considerably tighter than those of 
the competition power fet's. As power fet 
technology advances, we can certainly ex- 


ing semiconductors; zeners replace VR tubes, 
and an enhancement-mode fet replaces the 
zero-bias triode. Such a direct equivalent cir¬ 
cuit is shown in fig. 11. It would probably 
not be built today, because n-channel en¬ 
hancement-mode fet's are not yet common¬ 
ly available. 


fig. 10. Typical tuba-typa 
regulator. The 811A bias, 
controlled by the VR 
tubas, changes the volt¬ 
age across R1 thus regu¬ 
lating the output voltage. 



pect to see prices drop and perhaps more 
predictable l,jgg from any given off-shelf de¬ 
vice. 

the shunt regulator 

Before discussing the replacement of the 
discrete differential amplifier with an 1C, 
there's one more circuit we should look at: 
the shunt regulator. The vacuum-tube shunt 
regulator has been In use by hams for many 
years. Fig. 10 shows a typical HV type.® The 
operation is as follows; 

If the -1-750 V output drops, the drop is 
directly coupled to the grid of the 811A by 
the VR tubes, dropping the bias. This causes 
the 811A to draw less current, thereby de¬ 
creasing the voltage drop across R1, and 
raising the -t-750 V output. 

A similar shunt regulator can be made us- 


A more conventional approach to the 
shunt regulator is that of fig. 12, using a bi¬ 
polar transistor. An actual circuit is shown in 
fig. 13. Another more complex shunt regula¬ 
tor is shown in fig. 14, using a differential 
amplifier. Note that both of these circuits 



fig. 11. Samiconductor equivalent of the vacuum- 
tube regulaitor. (N*channel •nhancemant-mode fat’a 
are not yet commonly available.) 
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fig. 12. Shunt regulator using bipolar transistor. 

(figs. 13 and 14) have a convenient feature: 
the collector (case on most power transis¬ 
tors) is grounded. 

The shunt regulator is often overlooked 
because of its inefficiency when unloaded. 
However, in many systems the load is nearly 
constant, and the shunt regulator is used 
mainly to provide a low power supply source 
impedance. The regulator in fig. 14 was de¬ 
signed to power a system consisting of about 
a dozen DTL integrated circuits, which had a 
nearly constant drain. Note also that the 
shunt regulator is ideal for the choke-input 
rectifier filter, because it provides a constant 
load. 

ic’s as voltage regulators 

We have seen two beginning steps toward 
integration of circuits. These are the "ref 
amp" and the "Darlington pair" as repre¬ 
sented by General Electric's RA1 and D28C5. 
Each of these units contains two semicon¬ 
ductor devices. Modern 1C technology has 


expanded greatly on the number of devices 
per package. It's now usual for IC's to have 
dozens, or even hundreds, of devices on one 
chip. 

Among these complex IC's are a few de¬ 
signed specifically for voltage regulators. Na¬ 
tional Semiconductor makes the LM300, 
LM304 and LM305 voltage regulators; Fair- 
child makes the /iA723 regulator; Motorola 
makes the MC1460C and MC1460R; and the 
Continental Devices Corporation makes the 
CMC513-4. Other companies®''^ produce 1C 
voltage regulators, but their prices are more 
than $10.00 and therefore aren't within the 
amateur price bracket in my opinion. 

The LM300 was perhaps the first to hit the 
market and has been described in a previous 
article.® Its use in a -f-15 V supply is shown 
in fig. 15. 

Since the original LM300 was first mar¬ 
keted, National Semiconductor has added the 
LM304 and the LM305. The LM305 is simply 
an improved LM300 (at a somewhat higher 
price); it can be plugged into the circuit of 
fig. 15 to provide improved regulation. The 
LM304 is a negative voltage regulator; its use 
in a —15 V supply is shown in fig. 16. 

Fairchild has entered the integrated regu¬ 
lator field with the ti.A723. The /iA723 may be 
used either as a positive or negative regula¬ 
tor as shown in figs. 17 and 18. The many 
uses of the jaA723 are covered in detail in 
reference 9. 

The least expensive 1C regulator covered 


fig. 13. Practical shunt 
regulator supply using the 
bipolar transistor. 
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fig. 14. ShunI regulator using a differential amplifier circuit. This was used to power a dozen IC’s. 


here is a member of a family of five 15 volt 
regulators, each with the prefix CMC514. The 
CMC514-4 is the least sophisticated; it is also 
the only one in the ceramic-epoxy TOS 
package (and therefore the least expensivei. 
The CMC514-4 has only three leads, so it 
looks for all the world like a 2N3638—it isn't! 
Fig. 19 shows it in a simple regulated sup¬ 


fig. 15. A regulated -{-15 V supply using an LM300 1C. 



ply; note that it has only an input, an out¬ 
put, and a ground lead. The CMC514-4 has a 
built-in thermistor, fig. 20. If too much cur¬ 
rent is drawn, the chip overheats and the 
termistor turns the regulator off! When chip 
temperature drops, the regulator begins reg¬ 
ulating again. 

A late entry into the regulator 1C field is 
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fig. 16. A —15 V supply. This 1C is a nsgative voltage regulator. 


the Motorola MC1460. It comes in a ten-lead at $6.75. The R model will, of course, handle 

TO-5 package (the MC 1460C) at $5.25 and more current, because it's easier to heat sink, 

in a small-diamond package (the MC1460R) In fig. 21, an MC1460G is used in a 4-15 V 



fifl. 17. Another application of an 1C in a regulated supply. Note that no external zener is needed in B. 
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fig. 18. This 1C may be used either as a positive or negative voltage regulator; here It’s shown in a V 
regulated power supply. R1 determines current limiting. The value shown in for 200 mA. 


regulated supply. Details on how to use this 
1C are given in reference 10. 

The MC1460 has a shut-down port (pin 2i. 
In fig. 21, pin 2 is grounded, and so does 
nothing, but it can be used to turn off the 


This opens a myriad of possibilities: squelch 
control of the regulator to conserve power 
in the output stages of a receiver, shut-down 
upon demand by a temperature sensor, and 
so on. 


iig. 19. A -pis V regulated 
•upply using the laast- 
expensiva 1C. It comes In 
a earamic-epoxy T05 pack¬ 
age. 



regulator. If pin 2 is made high by a few 
volts, the regulator shuts down. This high 
state is low enough so that RTL, DTL or TTL 
logic levels can be easily used for control. 


The MC1460 also has a built-in provision 
for current limiting. The 2.7-ohm resistor in 
fig. 21 determines at what current the sup¬ 
ply will limit. By making this resistor smaller. 


fig. 20. Internal circuit of the 
CMC 514-4 showing internal 
thermistor. 



february 1970 [JJ 3S 




fig. 21. Motorola’s MC1460G 1C regulator in a -f~15 V suppiy has a current-limiting resistor (R1). 


the regulator will limit at a larger current. A 
smaller resistor would probably not be used 
with the MC1406G, but could be used with 
the MC1460R. 

other ic’s as regulators 

We've seen how a number of special IC's 
can be used (for their intended purpose) as 
regulators. It's also possible to use others, 
not sold as regulators, for similar applica¬ 
tions. Of course, nearly any operational am¬ 


plifier can be used as the differential com¬ 
parator in a regulator, providing that a ref¬ 
erence, a series-pass transistor, and a fair 
number of other external parts are used. This 
makes a good regulator, but the complexity 
defeats one of the main reasons for using an 
1C—simplicity. Reference 11 shows how this 
is implemented using a mA709. 

Two inexpensive audio amplifiers can be 
used as regulators. The General Electric 
PA234 and PA237 are 1- and 2-watt af output 
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fig. 22. Anothar inaipansiva 1C in a voitaga ragulator circuit. An amittar-basa diode in ravorsa breakdown pro¬ 
vides the reference; an asternal series pass transistor must be added. 
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fig. 23. Two inoxpontive af amplifier IC’a uaed as regulators in a +15 V supply. Current limitation is deter¬ 
mined by package dissipation (0.8 W at 25° C). 


amplifiers costing $1.35 and $3.98 respec¬ 
tively. Their use in regulated supplies is 
shown in fig. 23. Their current limitation is 
set by the package dissipation: 0.8 watt at 
25° C. This situation may improve with the 
introduction by G.E. of the new PA246, a 
five-watt audio amplifier. 

The RCA CA3018 is another inexpensive 
1C that can be used as a regulator.i^ in this 


case, an internal reference Is provided (by an 
emitter-base diode in reverse breakdown), 
but an external series pass transistor must be 
provided. This is shown in fig. 22. 

As a final note to the use of IC's as regula¬ 
tors, it is strongly advised that care be used 
in layout. Since monolithic integrated circuit 
technology is based on the silicon epitaxial 
process, IC's almost always have active de- 


february 1970 [jj 37 




vices capable of oscillation above 100 MHz. 
Indiscriminate use of long wire leads, ca¬ 
pacitor bypassing, and similar practices will 
usually make a power supply that can be 



of the board. If you have a yen for photog¬ 
raphy, you can make a negative from which 
the board can be made. Another method is 
to trace the positive, turn the tracing paper 
over, and there's the mirror image. This is 
the actual diagram of the copper side of the 
printed board. Lay it out with Brady tape or 
acid resist, then etch away. 

For smaller load currents, a smaller trans¬ 
former can be substituted. Be sure the trans¬ 
former output voltage Is close to 12 volts, be¬ 
cause any difference between transformer 
output voltage and 12 volts will be dissipated 
across the transistor. 


Simpis •mit1«r<follow«r regulated 12 V 
■upply for Iransittor circuits. 


heard on the local fm set—if the parasitic 
doesn't eat up the 1C first. 

week end project 

Most transistor circuits use 12 volts as their 
power source, and if you like to experiment 
with these devices (who doesn't these days?), 
here's a simple supply based on the emit¬ 
ter-follower principle.* It will deliver 12 volts 
at cither positive or negative polarity, at a 
load current of 0.5 ampere. Regulation and 
ripple attenuation will satisfy most require¬ 
ments. Its schematic is shown in fig. 24. It 
has ten components, which works out to 
about a dollar per component, and you can 
make the printed circuit board yourself. 

The photo of the PC board is the positive 



Printcd-circuil board (or tho 12 V ragulatod powar 
supply shown In fig. 24. A full-siso tomplato Is avail- 
ablo from ham radio magaxino (or 25c. 

* The circuit of fig. 24 and the photographs were sub¬ 
mitted by M. J. Goldstein, VE3CFN. 
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fig. 24. A +12 V regulated power supply using a 
bridge rectifier and emitter-follower regulator. 
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For The Experimenter! 

International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 




BAX-1 Broadband Amplllier $3.7S 

General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal lor SWL, Experimenter or 
Amateur. 

tVr/l* lot complete cetelog 


Type EX Crystal 


Available from 3,000 KHz to 60,000 KHz. Supplied only In 
HC 6/U holder. Calibration is ±.02% when operated in International 
OX circuit or its equivalent. (Specify frequency) 


SAX-1 Transistor RF Amplifier $3.50 

A small signal amplifier to drive MXX-1 mixer. 
Single tuned Input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX-1 Transistor RF Power Amplifier $3.75 
A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu¬ 
lated lor low power communication. Frequency 
range 3,(HX) to 30,000 KHz. 


Cl ^3®® 


ox OSCILLATOR 


^To Kit 3,000 to 19,999 KHz 
HI Kit 20,000 to 60,000 KHz 
(Specify when ordering) 


$295 


MXX-1 Transistor RF Mixer $3,50 

A single tuned circuit intended lor signal con¬ 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used lor injection in 
the 60 to 170 MHz range. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 





CRYSTAL MFO. CO., INC. 

10 NO LEE • OKLA CITY. OKLA 73102 
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increasing 
the reliability 

of 

warning lights 

Equipment 
warning lights 
must be reliable- 
here’s how 
to increase their life 

When an indicator lamp tells you something, 
it's important that the lamp be dependable. 
For example, if a dangerous situation is indi¬ 
cated by a red light, and a safe condition 
is indicated by that same light not being 
lit, you can imagine the problems that could 
arise if the indicator lamp bulb failed. 

One of the criticisms of modern cars is 
the use of "idiot lights" to indicate critical 
items such as OVERHEAT, NO OIL PRES¬ 
SURE, DOORS NOT CLOSED, and BATTERY 
NOT CHARGING. The logic is negative and 
not to be trusted. This accounts for the big 
sales of kits that return the car to the good 
old days of seeing what goes on by means of 
a direct readout instrument. 

Let's extend this reasoning to indicator 
lamps used in electronic equipment. Most 
indicators are the ON-OFF type. This again 
points up possible dangers of depending on 
lamps to indicate a safe (OFF) condition. 
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when I leave my station, I take a fast look 
around to make sure that no indicator lamps 
or dial lamps are lit. I don't trust the lamps; 
yet I must depend on them, but only after 
doing something to increase their reli¬ 
ability. 

Incandescent-lamp life can be extended 
considerably by simply lowering the lamp 
terminal voltage. This will, of course, reduce 
the light output. However, for simple ON/ 
OFF indications, you can spare a lot of light 
and still get a satisfactory indication. 

Lamp life extension can be dramatic. For 
example, if you reduce the rated voltage 
to one-half, the lamp life will be extended 
to nearly 4100 times longer than if you 
applied the full rated voltage. Typically, a 
lamp with a guaranteed life of 1000 hours 
will operate for 4,096,000 hours when oper¬ 
ated at half its rated voltage. 

Where does this magic number 4096 come 
from? It's based on the relationship of the 
ratio of the rated voltage to the derated 
voltage raised to the twelfth power, or: 


Life factor = 


I Rated Voltage V* 
i Derated Voltage/ 


graphical solution 

You can do the arithmetic the hard way 
and multiply the ratio by itself 12 times, or 
you can solve the problem with logarithms. 
Another way is to cut out fig. 1 or (prefer¬ 
ably) make a Xerox copy. Or you can make 
your own graph on a piece of five-cycle 
semi-log paper. 
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Fig. 1 shows that lamps can be as bright 
as you wish; lamp light will depend on the 
derating voltage ratio. 



fig. 1. Effect on piiot-lap life when a derating volt¬ 
age ratio is applied. A small sacrifice in brilliance 
means a drastic increase in reliability. 


an example 

About five years ago, I got disgusted re¬ 
placing Christmas-tree lamps and decided 


to do something about it. I connected a 25 
V, 2A filament transformer in series bucking 
to provide 90 volts, which was applied to the 
lamps. The voltage drop made a barely per¬ 
ceptible difference in brightness, but I 
haven't had to buy a bulb in five years. 

Let's see what the 90 volts did for me. 
The rated voltage (for the series string) is 
115 volts. I applied 90 volts. The ratio is 
115/90, or 1.277. By the formula above, the 
life factor will be 1.277^2 or 19. So, whatever 
the rated life of these cheapies, they will 
last 19 times longer than when operated 
at 115 volts. 

indicator lamp circuits 

I modified the indicator lamp circuits in 
my ham equipment by adding series re¬ 
sistors. For type 328 lamps, I added a 22 
ohm, 1/2 W resistor, which reduced the volt¬ 
age from 6.3 to 3.15 V. Brightness is more 
than adequate; in fact, I'm tempted to re¬ 
duce the voltage even further. The ratio 
6.3/3.15 equals 2. When raised to the 12th 
power, this gives a life factor of 4096, or 
more than 4 million hours. This works out 
to about 467 years, so I think I'll let well 
enough alone. 

For the type 47 lamps, a 15 ohm, 1 W 
resistor results in a terminal voltage of 4 V. 
The ratio is 6.3/4, which is a life factor of 
233—still pretty good. 

As mentioned earlier, the light intensity 
is reduced, but the life factor goes up much 
more rapidly than the intensity goes down. 

The type 328 lamp gave more than ade¬ 
quate light at half voltage. The type 47 
lamp, on the other hand, needed 4 volts to 
provide a comparable brightness. So do a 
little experimenting. Get the brightness you 
need, then do a little arithmetic or use fig. 1 
to project the lamp life. Remember too, 
that overvoltage will shorten the life of your 
lamps just as dramatically. 

In addition to peace of mind, look at all 
the money you'll save. In 100 years it will 
be enough to get that new rig. 
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I build your own 

tilt-over 

antenna mast 


Here's the answer 
to a structurally sound, 
low-cost mast 
using ordinary hand tools 
and readily available 
hardware 
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This tilt-over antenna mast fulfills the 
need for a lightweight, low-cost amateur 
rotary beam support that can be raised 
or lowered in a few minutes by one man 
without assistance. As shown in the ac¬ 
companying sketches and photographs, 
the design requires materials and tools 
commonly available to most amateurs, 
takes up only modest backyard space, and 
unlike lattice-type metal or wood tow¬ 
ers, is quite unobtrusive, especially when 
painted to blend with the background. 

The project originated when I was pon¬ 
dering ways and means for supporting a 
lightweight Mosley TA33 Jr. three-element 
beam. The obvious solution to the prob¬ 
lem would be to purchase and erect one 
of a large number of available steel tow¬ 
ers, but this was ruled out for esthetic and 
financial reasons. Using the rooftop or 
chimney was likewise unacceptable. One 
alternative remained; a new design had 
to be conceived that was structurally 
sound, low in cost, and easy to build and 
manipulate. 

Over the weeks many ideas were tried 
and rejected, and during the construction 
period many revisions were made. The 
tilt-over mast and antenna have been in 
operation for several months, during 
which they've been lowered and raised 
many times without incident. I've in¬ 
cluded a detailed stress analysis, com¬ 
plete with quantitative data in this arti¬ 
cle (see Appendix). The analysis considers 
loads encountered in raising and lower¬ 
ing the structure, as well as those result¬ 
ing from wind velocities up to 80 miles 
per hour. 
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fig. 1. Complete tilt-over meet structure showing 
mast-hinge assembly. 


Four novel features are included in the 
design and construction of the mast: 

A boat winch mounted on a short, fixed 
support pipe for raising and lowering 
the mast. 

A rigid hinge or pivot assembly at the 
base, which prevents lateral deflection 
of the mast and antenna assembly 
during erection. 

Two sets of symmetrically placed guy¬ 
ing cables to maintain the mast in the 
vertical position without buckling. 

Auger or screw anchors in the soil as 
high-strength fastenings for the guying 
cables and winch pipe support. 

In all cases, safety factors of at least 
2 to 1 were used to compensate for any 
small design approximations and to in¬ 
sure adequate resistance to high winds. 

construction 

The first step in the project is to ac¬ 
cumulate the parts listed in table 1. The only 
precaution here is to be sure to purchase 1/8- 
inch diameter, 1800-pound-breaking-strength 
stranded-steel aircraft cable and not galva¬ 
nized iron sashcord (which resembles the 
proper material) with a breaking strength of 
only 540 pounds. Stainless steel cable is even 
better, but it's quite expensive. 

The screw anchors may be obtained 
from Spaulding Products, Frankfort, In¬ 
diana. Other materials are obtainable 
from plumbing and hardware supply 
sources. The winch is obtainable from 
Sears-Roebuck at about $6.00 for the 
smallest unit, with a capacity of 1000 
pounds. Good construction practice for 
any device that must withstand weather 
calls for at least two coats of paint. Don't 
overlook this essential item. 

ground work 

Selection of a site comes next. Be sure 
that an unobstructed radius equal to the 
mast, plus antenna and rotor height, is 
available in the vertical plane for raising 
and lowering. In the example shown here. 
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this amounts to a distance of about 35 
feet plus adequate clearance for the an¬ 
tenna boom and elements. 

After you select the location of the mast 


base and lay out the site as shown in 
(is- V drive the 2-inch pipe until it pro¬ 
jects about 2 inches above the ground. 
This forms the socket that receives the 
lV 2 -inch winch pipe. {The location of this 
socket is about 6 inches to the rear of 
the bottom end of the antenna mast.) 
Then insert the lV 2 -inch winch pipe into 
the 2-inch pipe until the winch pipe bot¬ 
toms. Fasten the assembly together with a‘ 
3/8-inch steel bolt, lock washer and nut. 
{See fig. 2.) 

Next, drive the three screw anchors into 
the ground 120 degrees apart at a radius 
of 6 feet from the bottom end of the an¬ 
tenna mast as a center (see fig. 1). The 
technique for installing these anchors is 
as follows: After the location is spotted, 
make a shallow depression 6 inches in 
diameter by 6 inches deep. Then using a 
length of 3/4-inch pipe as a handle 
through the eye of the screw anchor, twist 
the auger end of the anchor into the 
ground, using downward pressure while 


t«bl« 1. Parts list for tho tilt^ovtr 
part 

gaivanizad iron pipe 
galvanized iron pipe 
galvanized iron pipe 
galvanized iron pipe 
extruded aluminum alloy pipe 
boat winch 
aircraft cable 

turnbuckle 

screw anchor 

wire rope clip 

wire rope thimble 

galvanized or stainless steel bolts 

eye bolt, galvanized iron 

guy ring 

threaded galvanized steel rod 
galvanized angle iron 

miscellaneous locknuts, lock 
washers and flat washers 

paint 


mast. 

description 

2- ft X 2-mch diameter (nom) 
7-ft X IVi'inch diameter 
1Q-ft X IVi-inch diameter 
21’ft X 1V4-lnch diameter 

3- ft X V/i'inch diameter 
1000-lb capacity 

galvanized steel 
1/8-inch diameter 
1800 lb rating 

5/16-meh x O-inch 

4- ft X O-inch diameter helix 
1/6-inch 

1/8-inch 

3/8-inch diameter x 4-Inch long 
3/8-inch diameter x 4-inch long 
To fit 1V4-mch pipe 
Vi-inch diameter x 2 ft 
1 Vi-inch flange x 1/8-inch thick 


quantity 

1 

1 

1 

1 

1 

1 (Sears) 
210 ft 

7 

3 (Spaulding Products) 
58 
39 
5 
1 
1 

2 

15 ft 
30-40 

V> gallon 
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turning. Initial moistening of the hole may 
be necessary to start the anchor. 

Twist the anchors into the ground until 
only the circular eyes protrude. When in¬ 
stalled in average backyard soil, these 
anchors can withstand a pull of over 2000 
pounds. 

Mount the winch near the top of the 
iVi-inch pipe at a height of about 5 feet 
above the ground, using two 3/8-inch di¬ 
ameter steel bolts, lock washers and nuts. 


flg. 3. Wineh pip# suppoft. 



The top of this pipe is then anchored to 
the rearmost screw anchor eye by a ten¬ 
sion assembly consisting of steel cable, 
lurnbuckle, thimbles and wire rope clips 
as shown in fig. 2. 

pivot assembly 

The next step is the construction of the 
pivot, or hinge assembly about which the 
mast tilts. The basic materials here are 

BOLT • 



fig. 4. Matt hinga attambly d#tall. Laava nuts 
slightly loot# to pannit antanna matt to pivot; uta 
Jam nuts (two on aaeh tida) to tacura. 


various lengths of angle iron to form the 
rigid triangular gussets and the threaded 
V 2 -inch diameter steel rods that form the 
transverse axle and compression members 
as shown in figs. 3 and 4. 

The flanges on angle-iron members are 
trimmed and bent at the ends to permit 
them to be joined as shown. When proper¬ 
ly assembled, the hinge structure permits 
the mast to tilt about the pivot axis, while 
the axis is rigidly held in space by the 
balance of the triangular hinge structure. 
The latter is stationary with respect to the 
winch pipe. Tighten all nuts securely with 
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MOSLev TA-93 



fig. S. CompIvUd tilt-ovar mast. 


the exception of those on the pivot axis 
(fig. 3). These are left slightly loose to per¬ 
mit the triangular assembly on the an¬ 
tenna mast to rotate about the axis of 
the threaded rod. Be sure to use flat wash¬ 
ers and lock washers, or locknuts. 

The exact dimensions of the hinge as¬ 
sembly are not critical, and the sketches 
and photographs illustrate construction 
techniques. In general, the distance be¬ 
tween mast and winch pipe should be 
kept short (about 6 to 8 inches). The tri¬ 
angular assembly of fig. 5 shows dimen¬ 
sions that will give adequate lateral sup¬ 
port for the 35-foot mast. 

mast assembly 

The next step is to lay the iVa-inch pipe 
on the ground and assemble it to the 
movable triangular hinged member via 
the two drilled holes, which receive the 
threaded rod and upper 3/8-inch bolt re¬ 
spectively. The assembly at this point 


should resemble fig. 6. Now screw the re¬ 
ducing coupling to the free end of the IV 2 - 
inch mast pipe, and then follow this with 
the 1 V4-inch pipe. 

You should now have about 31 feet of 
iron pipe on the ground. Drill a 3/8-inch 
hole 23 feet from the bottom end of the 
1'/ 2 -inch pipe. This receives the 3/8-inch 


eyebolt, 

which 

will 

be the 

main lifting 

member 

when 

the 

mast is 

raised. (See 


2. Parimeters 
straas analysis. 

us>d In 

rai>ing-ind-lownring 

part 

lifting 

btvaking 


ttraii 

stfmgth 


(Ibi) 

(lb») 

main lift cable 

S39 

1800 

•yabolt 

117 

2000 

winch pipe 

117 

— 

winch 

539 

1000 (rated load) 

winch support cable 

737 

1800 
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photograph.) Following this, attach the 
guy ring at the midpoint (16Vi-foot) level, 
and fasten three guy cables to the ring 
using thimbles and wire-rope clips. Mount 
the antenna rotator at the end of the mast 
pipe assembly, and fasten three guy cables 
to the base of the rotator as shown in 
the photograph. 

up she goes 

At this time you’re ready to raise the 
mast and rotator to about 8 feet, so that 
the beam can be assembled to the rota¬ 
tor. To do this, attach one end of a 
length of l/8-inch aircraft cable to the 
3/8-inch eyebolt, and attach the other 
end to the drum of the winch, allowing 
one or two layers of cable to accumulate 
on the drum before taking up tension. 

If the winch is now cranked until the 
rotator clears the ground by 9 or 10 feet, 
an 8-foot ladder may be placed under the 
mast near the rotator, and the winch can 
be cranked backward until the mast is 
supported in part by the ladder. 




10 

CloekwlM mommlt = (b«am art x SS) -f (rotor art x 31) (art of loaaor plpo x _) ^ (wl of uppor pip# x 30Vi) 

2 

= (20 X 3S) + (20 X 31) -t- (38.5 x 5) + (57.5 x 20.5) 

= 2683 ft lb 

(lifting art at ayoboll, Wl ) x 23 H = 2683 ft lb 
Wl. = 2683/23 = 117 lb 

Angla A = arctan 5/23 = 12.3° 

117 

Cabla tansion = -= 539 lb 

Un 12.3° 

Strati on aainch pipa In compratiion it aqual to W|. = 117 lb 

(539 X cot 12°) 

Tantlon on aainch tupport cabla = - = 737 lb 

sin 45° 

fig. 6. Stmss snalytis fof lifting op- 

Stross on scraw anchor = 737 lb arallona 


february 1970 [jj 47 



The antenna assembly is now secured 
to the 3-foot length of I'A-inch extruded 
thick-wall aluminum alloy pipe, and the 
pipe is inserted into the rotator and fii'i.i- 
ly clamped into place. Since the TA33 Jr. 
beam weighs only 20 pounds, this opera¬ 
tion is not too difficult. 

The rest of the operation consists of 
raising the entire assembly gradually with 
the winch until almost vertical, attaching 
the two sets of guy cables to the screw 
anchors and bringing the mast into true 
vertical position using the turnbuckies for 
adjustment. 

The tension in the lifting cable may now 
be reduced, since its function has been ful¬ 
filled, and it will not be used again until 
you want to lower the antenna mast. 

The middle set of guys prevents the 
slender pipe structure from buckling while 
the main guy cables (attached to the ro- 


tabla 3. Wind load stress analysis parameters. 


part 

wind load 

stress 

load carrying 
ability 

guy cable 

870 lbs 

1800 

(breaking strength) 

screw anchor 
(in dense 
clay soil) 

870 (bs 

2000 

(holding strength) 

rotator casting 
anchorage 

7000 psi 

14000-23000 psi 
(yield strength) 


tator) maintain the mast in a vertical po¬ 
sition. True vertical is established near the 
base, using a carpenter's level, while the 
upper part of the mast is visually aligned 
using neighboring structures as references. 
You can now stand back and proudly 
view your mast and antenna, which will 
appear as in fig. 7. Give them a coat of 
paint, and you're ready for many months 
of trouble-free operation. 



fig. 7. Wind load straas analysis. 


stress consideration 

Two separate structural stress situations 
were taken into account in the design of 
the tilt-over mast. The first occurs only 
during raising and lowering, while the 
second is concerned with resistance of the 
structure to high winds. 

In the first situation the critical design 
parameters are; 


Angle B — aretan 6/35 =: 9.7“ 

Streaa in praj'ected ar«a of maat pipe = approxi¬ 
mately 

(3 in X 420 In) 

-= 5.83 aq ft 

144 


5.63 

Maat wind load =-x 86 = 116 lb acting at 

4.3 

half-way point 

Thia ia equivalent to an additional wind load of 
116/2 = 58 lb acting at the top 

Thua, total wind load at top = 86 -f- 56 = 144 lb 

Aaauming cabla praatraaa of 25 lb, cabla tenaion 
144 

25 + -- =: 870 lb 

tan 9.7° 

appendix 

Lifting cable tension 
Lifting eye;bolt strength 
Deflection of the mast pipe as¬ 
sembly 

Stress on the winch, winch support 
pipe and winch support cable 
Tension on the screw anchor holding 
the winch support cable 


1 . 

2 . 

3. 

4. 

5. 
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Referring to fig. 8 a summary of these 
stresses compared to design breaking 
strength is shown in table 2. 

Deflection of the mast pipe during lift¬ 
ing was a maximum of about 12 inches, 
which is well within safe limits for the 32- 
foot length of iron pipe. Once the as¬ 
sembly is in the vertical position, all 
stresses in the lifting components are re¬ 
lieved, with the exception of the winch- 
support cable, which may be maintained 
at some nominal tension (say 50 pounds) 
to keep the support pipe rigidly fixed. 

Referring to fig. 9, the cable stress is 
870 pounds compared to a breaking 
strength of 1800 pounds and a screw an¬ 
chor holding ability of 2000 pounds. The 
cable-fastening point on the lower alumi- 


RCA 
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license 

training 
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or your money back I 

Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
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Mail coupon today for lull details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 


num rotator casting will be subjected to a 
870 

stress of = 7(XX) pounds per square 

inch, compared to a yield strength of 
14,000 to 23,(X)0 pounds per square inch. 
Table 3 gives the data. 

It should be noted that all wind load 
stresses are based upon the Mosley TA33- 
Ir. EIA rating of 86 pounds for a projected 
area of 4.3 square feel at 80 miles per 
hour wind velocity. 
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a different 

approach 

to 

amplitude modulation 


Expensive modulator 
components 
are eliminated 
in this design- 
modulation is provided 
by the rf amplifier 
power supply 


A characteristic of conventional a-m trans¬ 
mitters is their bulky (and expensive) 
modulator, modulation transformer and 
power supply. How would you like an 
a-m transmitter capable of 100-percent 
modulation that doesn't require these 
components? The circuit described in this 
article may be the answer. 

Although the system imposes a slight 
sacrifice in efficiency, this is compensated 
for by lower cost of original equipment, less 
weight, and smaller size compared to con¬ 
ventional a-m designs. Fewer components 
also mean increased reliability. This sys- 
5 tern uses a variable-current generator to 

^ modulate the output of a regulated pow- 
>5 er supply in accordance with the audio 

S signal impressed on its input. 

J standard a-m system 

Q A block diagram of a conventional a-m 
J transmitter is shown in fig. 1. Typical 
Q waveforms, voltage, current and power 

2 are shown. Oscillator and microphone 

■g preamplifier power supplies have been 

:> omitted for simplicity. 

^ With no microphone excitation, the car- 
tier signal is unmodulated. The dc input 
to the rf amplifier is 15 watts. For 100- 
Z percent modulation, 7.5 watts of audio 
power are required from the modulator. 
^ Point X (fig. 1) then increases from zero 
^ to 30 volts. 

^ Assuming class B modulation, 9.6 watts 
c are required from the modulator power 

3 supply. The modulation transformer must be 
U capable of handling the power in a linear 
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fashion. Since this transformer is costly, bulky 
and heavy (except in very low-power trans¬ 
mitters), it would be advantageous to elimi¬ 
nate it. 


fig. 1. Conventional a-m transmitter with 
power requirements for 100-percent modu¬ 
lation. 



Additional savings in cost and size can 
be gained by eliminating the modulator. 
The circuit to be described requires no 
modulation transformer or modulator, 
but performs the same function by using 
the rf amplifier power supply regulator 
as a combination dc regulator/modulator. 

circuit description 

Fig. 2 is a schematic of a conventional 
regulated power supply that could be 


used to supply power to the rf amplifier. 
A sample of the output voltage (point 
A) is compared with the reference-diode 
voltage by a differential amplifier. The 
error signal at the differential amplifier 
output drives the series transistors, so that 
the output voltage is held constant as line 
voltage and load conditions vary. 

If the modulator and modulation trans¬ 
former of fig. 1 are to be eliminated, the 
output of the rf amplifier power-supply 
regulator must be made to vary from zero 
to 30 volts (for 100-percent modulation) 
in accordance with the audio modulation 
voltage waveform. Fig. 3 is a schematic of 
the power supply shown in fig. 2, but the 
circuit has been modified so that the out¬ 
put may be varied from zero to 30 volts 
by adjusting potentiometer Rp. This, too, 
is a conventional design. 

Removing Rp from this circuit and re¬ 
placing it with a variable current genera¬ 
tor, so that the current through resistor Rf 
is made to vary with an audio modulat¬ 
ing signal, will cause the regulator out¬ 
put to vary with the audio modulating 
signal. Thus the regulator will be modu¬ 
lated. 

experimental model 

Fig. 4 is a schematic of the modulated 
supply that was built and tested. Labora¬ 
tory power supplies provided the input 
voltages to the regulator. A sine-wave 
audio generator was substituted for the 
microphone. The regulator output re¬ 
produced the sine wave without notice- 


fig. 2. Regulated power supply that could be used 
to power the rf amplifier in fig. 1. 
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fig. 3. Modification of the regulated supply in fig. 2. Rp is used to adjust the output voltage. 


able distortion with a peak-to-peak ampli¬ 
tude of 30 volts, both under no load and 
when driving a 60-ohm resistor. Frequency 
response was approximately 30 Hz to 25 
kHz. The microphone preamplifier gain 
was sufficient to modulate the regulator 
to 30 volts peak-to-peak by speaking into 
the microphone in a normal voice. A 
block diagram of the modified a-m trans¬ 
mitter is shown in fig. 5. 

Don Jackson, W5QAO, built a two- 
meter, 15-watt solid-state transmitter using 


the basic circuit of fig. 4. It was necessary 
to feed the modulated regulator output 
to both the output stage and the preceding 
driver to obtain the proper modulation 
envelope. No other difficulties were en¬ 
countered, and the transmitter is a com¬ 
pact, trouble-free unit. 

Some power dissipation must be sacri¬ 
ficed in the regulator to make the system 
workable. Since the regulator must be 
capable of 30 volts peak output, its un¬ 
regulated dc input must be about 35 volts 


flSVDC 



fig. 4. Experimental modulated power supply. The variable current generator is substituted for potentiometer 
Rp of fig. 1; regulator output then varies with the audio signal. 
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at an average current of'1 ampere. This 
is 35 watts input to the regulator, with 
only 15 watts average power out. The ef¬ 
ficiency is about 43 percent. 

In the conventional system of fig. 1, 
the combined power out of both modula¬ 



fig. 5. Amplitude-modulated transmitter with 
the moduiated power supply. 


tor power supply and rf amplifier power 
supply is 24.6 watts. Assuming an effi¬ 
ciency of 75 percent for these fixed-voltage 
power supplies, the input power to the 
two regulators is about 33 watts. Although 
the efficiency of the modulated regulator 
appears to be low, the total power input 
to the conventional system is only 6 per¬ 
cent less than the total power input to the 
modified system using the modulated 
regulator. 

applications 

Obviously this modulation technique 
can be applied to any transmitter. In gen¬ 
eral, the higher the transmitter power, the 
more desirable this technique becomes, 
since the eliminated components are more 
costly as power increases. It's doubtful if 
this system would be desirable in low- 
power, battery-operated transmitters of 
the walkie-talkie type since twice the 
normal battery voltage would be required. 
Voltage regulators are not normally used 
in these transmitters, so a modulated reg¬ 
ulator may result in a net increase in com¬ 
ponents due to the modification, and sav¬ 
ings from eliminating a 100-milliwatl 
modulation transformer may not be sub¬ 
stantial. 

ham radio 
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1P21 

3CX2500 

2C39 

3CX3000 

2K25 

3CX5000 

2K48 

30X10,000 

2K (any digits) 

3E29 

3-400 

3K (any digits) 

3-1000 

4-65 

3B24 

4-125/4D21 

3B28 


4-250/5D22 

4CX3000A/8169 

4-400A/8438 

4CX5000A/8170 

4-1000A/8166 

4CX5000R/8170W 

4X150A 

40X10,000/8171 

4CX250B 

4X150G/8172 

4CX250R/7580W 

4PR60A or B 

4CX300 

4PR (any digits) 

4CX250A/8321 

5-125B/4E27A 

4CX1000A/8168 


5R4WGB 

304TL 

6BL6 

VA (all types) 

6BM6 or 6A 

250TH 

6L6 

450TH 

7D21 

450TL 

8D21 

QK (all types) 

9C21 

7150 

9C25 

802 

75TL 


805 

891R 

807 

TW (all types) 

810 

TWT (all types) 

811A 

NL (all types) 

812A 

4000 series 

813 

5000 series 

832A 

6000 series 

833A 

7000 series 

891 

8000 series 

Please send us 

your surplus inventory 

lists. We want tc 

1 buy other tubes and 

TX — RX — test equipment. 

The TED 

DAMES Co. 

308 HICKORY ST., 

ARLINGTON, N. J. 07032 

Phone: 

201 998-4246 
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NRCrs 



1 KW Solid-State 
Transceiver 


NCX-1000 

the 

Transceiver 
of the 70’s 


Rarely is the amateur radio fraternity offered an important new product 
with the engineered-in reliability found in modern professional and military 
communications equipment. NRCI's new NCX-1000 is one of these excep¬ 
tional products. It was conceived and developed for radio amateurs by the 
same company that gave the Marine Corps its rugged solid-state AN/GRR-17 
tactical communications receiver, that gave the Navy its versatile AN/URT-22 
exciter-transmitter, and that produced the classic HRO-500 VLF/HF receiver. 

The NCX-1000 combines rock-solid design, exceptional performance, 
and a power punch. It’s the finest solid-state, self-contained, 5-band kilowatt 
transceiver available today — the odds-on choice of the discerning amateur, 
be he rag-chewer or DX-er. See it now at your dealer's store, or write for 
complete details. 



NATION AL RADIO COMPANY, INC. 

NRCI 111 Washington Street, Melrose, Mass. 02176 

617-662-7700 
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antenna systems 

for 

80 and 40 meters 


Some interesting ideas 
for efficient 
broadband antennas 
for the lower-frequency 
amateur bands 
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You often hear references to antenna 
resonance, but with a lack of indication 
that the resonant frequency ever was ad¬ 
justed or measured. Perhaps it is a good 
thing, for it might lead to confused think¬ 
ing about the problem. 

resistive mismatch 

Take a very simple example—a half¬ 
wavelength antenna fed directly with 50- 
ohm RG-213/U coaxial cable {or 52-ohm 
RC-8A). The antenna is presumed to pre¬ 
sent a resistive load of about 72 ohms to 
the line or Rjj =: 72 -I- jO. The 50-ohm 
line needs a load of R„ = 50 + jO, but 
it is not getting it. The result, 72/50, is a 
standing-wave ratio of 1.44:1. 

The amateur, it is presumed, doesn't 
actually know that his antenna is at reson¬ 
ance, and doesn't like the resulting swr, 
so he proceeds to run a curve of changing 
swr with frequency. Somewhere, at a 
nearby frequency, the swr bottoms out to 
a minimum that satisfies him, so he trims 
the antenna length to put this minimum 
swr at the desired frequency. Then, he 
claims that the system is "resonant." Why? 

Had the line been a 72-ohm coaxial 
cable, the antenna load resistance 
Rji = 72 -I- jO would equal the character¬ 
istic impedance of the line, Z„, and every¬ 
body would be happy. The original an- 
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tenna would still be resonant, and the 
line would be "flat." That is, regardless 
of points along the line, or its length, the 
swr would be 1:1, it would load the 
transmitter well, and putting in a little 
more coaxial cable would not change 
anything. 

The original antenna length, fed with 
the 50-ohm coaxial cable, would worry 
this chap because of the 1.44:1 swr. He 
might even add coaxial cable to improve 
the loading at some new cable length. 
What he really needs is something to 
transform 72 ohms at the middle of the 
antenna to the 50-ohm characteristic im¬ 
pedance of the line. With the transforma¬ 
tion the swr at the sending end of the line 
would be 1:1, and again it would load 
well. This transformation could have 
been done in one of several ways, includ¬ 
ing a transforming bridge balun^, tapping 
the line slightly up on a grounded (or 
ground-plane) vertical, with a stub, with 
an LC matching network, or with a quar¬ 
ter-wave transmission-line transformer. 

finding resonance 

How do you determine the resonant fre¬ 
quency of an antenna if the swr dip does 
not give it? One quad manufacturer says 
to insert a one-turn coil in the antenna 
and grid-dip it; but this may move the 
resonant frequency down a hundred kHz 
or more. The grid-dip frequency must be 
checked accurately, such as with a cali¬ 
brated receiver. And it must be done so 
the grid-dipper doesn't come too close to 
the antenna, because that can lower the 
frequency too. 

There are other ways. One is to feed 
the antenna when it is a continuous di¬ 
pole, or a grounded vertical, and deter¬ 
mine that the currents on both sides of 
a feed line are identical. A way to do this 
is to put two rf ammeters in a loop of 
wire, couple it inductively to an rf source 
to check meter calibration, and jumper 
this loop of wire, stretched out with the 
ammeters in the middle, across part of 
the antenna with the feedline connected 
between the meters (fig. 1). The fre¬ 
quency that produces identical current in 


both meters is the resonant frequency. 

This mitthod works when the antenna 
is folded in the middle to produce a tun¬ 
ing or matching stub, as shown in fig. 2. 
However, it is also satisfactory to make a 
pick-up loop of several small turns of in¬ 
sulated wire, with ends about a foot long, 
and jumper this across two feet of the an¬ 
tenna. Then a grid-dip oscillator can be 
coupled to the small coil without it being 
in series with the antenna. The result is 
much more accurate. It works on quads, 
too. 

reactive loads 

You may have a resonant antenna with 
a load impedance (resistive) that is not 
equal to the characteristic impedance of 



> o 


fig. 1. Ddarmining reionanee with rf ammatart. 
When the current through aach ammeter in A is the 
same, the antenna is resonant. In B, the ammeters 
are piaced in series to check that both instruments 
read the same. 


the feedline. This results in standing 
waves although the line will present a re¬ 
sistive load to the transmitter when it is 
any multiple of an electrical half wave¬ 
length long. This load will be that of the 
antenna, which may or may not make the 
transmitter happy. 

At any intervening length of feedline 
the actual impedance will be complex— 
that is, it will have a resistive and a reac¬ 
tive component. Some lengths of line may 
produce a combination of resistance and 
reactance that the transmitter cannot load 
because of matching network limitations. 
In this case, you can live with the high 
swr by adding sections of coaxial line un¬ 
til a length is reached that provides a more 
satisfactory load to the transmitter. The 
actual swr, however, remains the same. 
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Another solution is to ardd a series or 

parallel capacitor or inductor to the line 
to cancel the reactance. 

When my Henry 2K is used on the 

wrong end of the 80-meter band, the tun¬ 
ing and loading controls no longer are 
where they were when feeding a dummy 
load; the tuning control is at maximum, 
and the loading control alone is adjusted 
for a plate-current dip, allowing no con¬ 
trol over loading. As coaxial cable is 

added to the line the loading improves 

and the controls on the amplifier move 
toward the setting when feeding the dummy 
load. 

bandwidth 

If a dipole is used over a 12 to 14 per- 


more with a 1.5:1 swr. 

In the case of the inverted-V antenna, 
fortuitous height and apex angle may 
cause the antenna to present a 50-ohm 
load at resonance.® Some increase in band¬ 
width may result as compared with a hor¬ 
izontal dipole in the absence of matching 
or broad-banding. Broadband impedance¬ 
transforming bridge baluns have been de- 
velopedi for use when the antenna imped¬ 
ance at resonance does not match the 
transmission line properly. However, solu¬ 
tions by step tuning or by true broad¬ 
banding continue to be required, particu¬ 
larly for those whose antenna facilities 
are limited. Many of us need an antenna 
that covers 40 meters and both ends of 
80 meters. We now have simple solutions 


fig. 2. Determining entenne reso¬ 
nance with series rf ammeters in a 
matching stub, A, and with a grid- 
dip osciliator, B. 



cent bandwidth in the 80-meter amateur 
band there are problems due to the 
change in complex antenna impedance 
presented to the feediine as the frequency 
is moved from one end of the band to the 
other. When the antenna itself is mis- 
tuned in order to terminate the line with 
a suitable amount of reactance to mini¬ 
mize the swr it may operate at a point on 
its reactance curve where small changes 
in frequency create large changes in re¬ 
actance. This results in a narrowing of 
bandwidth, which might be defined as 
the bandwidth for an acceptable swr. A 
result of this condition was the develop¬ 
ment of in-band rf traps,^ the use of coil 
switching at the antenna,^ end clip-on 
wires, and other means of enabling the 
antenna to be used over the entire 80- 
meter band. One approach^ used series 
capacitors, a stub of fanned-out wires to 
create a real 10 percent bandwidth or 


for the 40-meter band and for spot fre¬ 
quencies of 3525 and 3825 kHz more or 
less, using the in-band traps or dual 80- 
meter wires, but we must develop a more 
general approach. 

With the current 5-band DXCC interest 
in 80 meters, better solutions are needed. 
Frequently, one is caught with the end 
loading wires clipped on or off, present¬ 
ing a 15-to-1 swr or worse at the necessary 
operating frequency. The system can be 
loaded with a suitable matchbox, or addi¬ 
tion of coaxial cable, or lumped react¬ 
ance, but there are added losses with such 
a high swr. 

stub matching 

Before leaving the general comments, 
let's take a quick look at some of the sim¬ 
ple theory of stub matching. If an antenna 
is resonant and presents a satisfactory re¬ 
sistive load equal to the characteristic im- 
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pedance of the line, there is no problem. 
However, if the length of the antenna (or 
frequency) is changed it becomes reac¬ 
tive. If this length is selected to bring the 
resistive component of the complex im¬ 
pedance of the antenna, Zji = R -f jX 
to a point where the R is equal to 
the characteristic impedance of the trans¬ 
mission line, Zq, a reactance (equal and 
opposite to the antenna's reactance) 
placed across the line will result in a 
match. The necessary reactance can be a 
stub. Usually a shorted stub is preferred. 
If you know the R -f- jX at the center of 
the antenna,® the stub length that can pro¬ 
vide the cancelling —jX, can be calcu¬ 
lated, read from a graph, or obtained 
from the Smith chart. 

Let's look at the situation in anothei 
light; fig. 3 shows a quarter-wavelength 
stub with a line attached at a point that 
gives a proper termination to the trans¬ 
mission line. The impedance of the 
shorted stub in one direction from the 
transmission line tap, a, is equal to that 


FEEDUNE 


-J 

fig. 3. Line matched to stub; the reactance of 
the shorted section (A) at the line taps equals 
the reactance of the open section (B). 


SHORTED STUB 


of the open stub in the other direction, b. 
The current flowing in one wire of the 
stub will be equal just below the line tap, 
and just above the line tap, when the stub 
is resonant. The open part of the stub can 
be bent out to form a dipole antenna, with 
the feedline conveniently located at the 
bend. This form of stub may shorten the 
dipole. 

On the other hand, if you have an arbi¬ 
trary length dipole and wish to feed it you 
may back down the line to the one or two 
points, a in fig. 4, in the first half-wave¬ 


length toward the transmitter which has a 
resistive component (in R -f- jX) equal 
to the characteristic impedance of the line. 
At that point, attach a stub, b, which has 
an equal and opposite —jX reactance, 
thus cancelling the reactance and match¬ 
ing the line with the resistive load from 
that point back to the transmitter. 

smith chart 

The Smith chart^ is a useful tool. A 
circle on it, centered on the center of the 
chart, is an swr circle for a lossless line. 
Points around this circle, which covers a 
half wavelength, gave the resistive and re- 



fig. 4. Method of etub-matching a reactive an¬ 
tenna. All lines can be coaxial cable. 


active components of the complex im¬ 
pedance along the transmission line. 

In reverse, any value R -|- jX complex 
impedance can be plotted on the chart, 
such as the changing resistance and react¬ 
ance as some circuit is fed at different fre¬ 
quencies. When these impedance points 
are connected together with a line it will 
be seen what range of frequencies falls 
within an acceptable swr. The Smith 
chart also facilitates adding reactances in 
order to bring some part—or a greater 
part—of the connected points within the 
acceptable swr circle, by moving a plot¬ 
ted point along a resistance curve by the 
amount of the added reactance.® 

So far we have dealt with resistance, 
impedance and reactance. Sometimes 
problems are more' readily solved in the 
reciprocals (these values divided into 1) 
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called conductance, admittance and sus- 
ceptance. Whichever form is used, it is 
sometimes convenient to divide R + jX 
by the characteristic impedance of the 
line, use the result in chart work or cal¬ 
culations, and then multiply again by the 
line's Z„ to obtain the actual values of 
R -)- jX. This process is called "normaliz¬ 
ing." One advantage of normalizing is 
that the value applies equally to lines of 
different Z„ without replotting. Smith 
charts are available with a normalized 1 
at the center for normalized data, and 
others are available with 50 at the center 
for direct use with 50-ohm systems. 


about four turns were added; for 80- 
meter cw, about 9 turns were added. 

An swr bridge showed something like 
1.5:1 but there was no transmission line 
ro have a standing wave. This actually 
was a measurement between the normal 
.52-ohm termination in the swr bridge, 
and the actual resistive load presented 
by the antenna. At any rate, the Heathkit 
SB200 and Henry 2K both fed the anten¬ 
na easily, which was only 15 feet above 
ground at its midpoint. Nevertheless, cw 
and ssb contest contacts were made into 
far South America, Malaysia, Singapore, 
and the like on 80 meters. 



simple two-band antenna 

when I was becoming more active in 
amateur radio after retirement, I didn't 
appreciate that the problem of coax-fed 
antennas for the lower bands might be 
difficult. With some memory of a chap 
named Marconi, and disregard for the 
200-ohm resistance between rods driven 
in the ground ten feet apart, I put up an 
L antenna which was resonant at 5/4 
wavelengths to the 40-meter trap, and at 
3/4 wavelengths on 80 meters to the far 
insulator. The antenna was led to the 
transmitter output terminal with no coax¬ 
ial cable at all, and no matching or 
coupling device. The wire was trimmed 
for the high end of both bands. Then, to 
move it to the low end of both bands, 
about ten turns of two-inch Air-Dux coil 
were mounted on the wall, and provided 
with a shorting clip. For 40-mefer cw. 


The main problem was the necessity to 
put 16 bypass capacitors and one rf choke 
in the electronic keyer, and to use RG- 
58/U cable instead of shielded audio 
cable to the exciter key jack to prevent 
rf from interfering with the keying. The 
antenna system was so simple, really, that 
it was a pity that use of the land was pre¬ 
vented by a building program. With the 
local decomposed granite soil, and pave¬ 
ment over almost all of the ground, all 
proposals that I use a vertical antenna 
and a radical ground were quickly re¬ 
jected without a fair test. 

two-band dipole types 

The common two-band inverted-V or 
dipole is the trapped wire, fig. 5. This an¬ 
tenna may have considerable interlocking 
tuning between the sections. Furthermore, 
if any dead-end wire is twisted back 
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around itself, thus providing more wire 
if needed, it may load that section of the 
antenna unless it is shorted to the active 
wire by soldering or clamping with a 
Kearny clip. Even a loose fold-back may 
change the tuning by acting like a "fat" 
wire. 

Another version is the use of two wires, 
each being a dipole for one of the bands; 
these wires can be at different angles, or 
spaced by dowel-rod spreaders, using a 
single support at each end, as in fig. 6. 

These antennas may provide adequate 
coverage of the 40-meter band, but the 


tend to shorten the resonant length by as 
much as 20 percent. 

Everett® goes through the design of a 
fat antenna with a bandwidth of about 30 
percent within an swr of 1.25:1. The 
length/diameter ratio of the conductor 
was selected for a resistive component that 
matches the transmission line; then a 
shorted stub was connected across the line 
at the antenna to cancel out the re¬ 
actance. 

John Kraus, W8JK,i2 gives the resist¬ 
ance of fat antennas which runs in the 
vicinity of 80 ohms at the center of a half 



width of the 80-meter band may be too 
much for them unless there is excessive 
loss in the line or balun. Line losses can 
be compared with those existing during 
earlier measurements, by logging the swr 
when the far end of the line is shorted. 

broad-banding 

On one band only, there are several 
ways to broaden the antenna. One way is 
to make the wire fat, in effect, compared 
with the length. Several spaced wires can 
be used, including the old "cage."*' A re¬ 
markably effective and convenient form 
is to use several wires, held apart half way 
between the center insulator and the end 
by some type of light-weight spreader, 
forming a diamond in each quarter- 
wavelength. Still another way is to fan 
out two wires, or three, supporting the 
far ends from different points. All these 


wavelength, to 200 to thousands of ohms 
for the center of a full wavelength. These 
lengths are much shortened due to the 
shape. The convenient impedance ex¬ 
plains why many very broadband fat an¬ 
tennas actually are vertical half-waves or 
horizontal full-waves. 

Coleman^ has investigated the use of 
parallel or series reactances in the form 
of capacitors, inductances or line seg¬ 
ments, to obtain more bandwidth in a 
particular antenna. In connection with 
parallel-resonant stubs (usually slightly 
longer than a quarter wavelength) placed 
across the line at the antenna, he says: 
"The broad-banding property seems not 
to have been exploited. A resonant an¬ 
tenna has a negative susceptance (1/X) 
slope with respect to frequency, which can 
be cancelled with a properly chosen cir¬ 
cuit over a considerable range of fre- 
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quencies. The most favorable antenna 
curve is one which has a resonant conduc¬ 
tive component (1/R) just less than 2. 
The stub portion of a bazooka (quarter- 
wavelength-line type of balun) is ideally 
suited for bazooka matching and balanc¬ 
ing of a balanced resonant circuit to an 
unbalanced line." Linear baluns thus 
formed of coaxial or triaxialt-'* cable may 
be very useful in broad-banding an an¬ 
tenna without added hardware. 

Meier* has put together the work of 



fig. 7. Fan monopola, physically short as shown. 
Two can ba used as a dipole. 


Coleman on the use of capacitors or in¬ 
ductors, and stubs, to obtain broad-band¬ 
ing. With simple antennas, and using a 
two-element broadening arrangement 
consisting of a series capacitor and a 
parallel stub, he obtained bandwidths far 
greater than our 80-meter band. Then, he 
explored the use of fan elements (fig. 7) 
which are physically short, and found that 
it was necessary to use only the parallel 
stub in order to obtain adequate broad¬ 
banding. Three wires, connected together 
at their far ends, were satisfactory; the 
length of the center wire plus half the 
length of the wire connecting the ends, 
was approximately a quarter wavelength. 

The unusual bandwidth resulted part¬ 
ly from the complete loop that the an¬ 
tenna impedance makes on the Smith 
chart. The spiral locus is also typical of a 
series line transformer with a length that 
exceeds a quarter wavelength.® 

It is customary practice in broadband 


designs to sacrifice a perfect match at the 
midfrequency in order to gain band¬ 
width within the acceptable swr. For a 
fanned-out antenna and linear balun 
giving an swr less than 2.5:1 over the 80- 
meter band, (see the Radio Handbook, 
17th Edition). 

double-humping 

Somewhat like broad-banding is the de¬ 
sign of an antenna that will produce an 
acceptable swr at two different frequencies 
within the 80-meter band. One way is to 
clip additional wire on the ends of the 
antenna, but this sometimes proves to be 
inconvenient. A second way is to use in- 
band traps to do the clipping-on auto¬ 
matically.® It may be possible to use line 
sections as automatic switches** even if a 
coiled coaxial line is used on only one 
side of the center of the antenna to per¬ 
form the switching function, such as short- 



fig. (. B0-m»t*r antenna uaing two dipole wires 
within the band producing a doubie-humped swr 
curve. 


ing a series capacitor or changing the 
length of a stub to its shorting bar or 
shorting line. I have tried separate di¬ 
poles cut for two frequencies in the 80- 
meter band (fig. 8). This worked satisfac¬ 
torily except for the amount of wire in 
the air. 

Two tests were made to solve the prob¬ 
lem of midband operation. With the clip- 
on ends, leaving one on and one off, put 
the antenna swr dip in midband. This has 
not yet been tried with the in-band traps. 
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but dip-on wires hanging from the inside 
end of the traps successfully moved the 
position of the swr dip. This idea was 
first considered as a means of lowering 
the frequency of the ten- or fifteen-meter 
sections of the driven element of a Telrex 
Yagi without affecting lower bands ap¬ 
preciably, and without adjusting the 
aluminum tubing. 

two bands broad-banded 

Many of us have the more difficult 
problem of covering the 40-meter band at 
both ends, and the 80-meter band on both 
cw and phone. This tends to make the 
problem more difficult. The trapped 
40/80 inverted-V with clip-on ends for the 
80-meter cw frequencies which has been 
in use at K6KA for several years is some- 


trap cut to different lengths for the ends 
of the 80-meter band. This caused a re¬ 
markable shortening of the wire length in 
addition to that caused by the inductive 
reactance of the trap, and only one swr 
dip was located within the transmitter's 
frequency range. The narrow frequency 
range of current exciters makes it difficult 
to locate the swr dips when they fall well 
outside a band. 

Using two dipoles spaced six inches by 
dowel rods, the 40-meter wire below the 
80-meter wire, and in-band traps near the 
end of the 80-meter wire, W6JKR found 
no interaction and fully satisfactory 
operation.^ 

Obviously, the in-band traps can be 
eliminated, too, by using three wires: one 
for 40 meters, one for 80 cw, and one for 



fig. 9. Broadband 80- and 40-metsr inverlad-V with tv ahieldod foam lina shortad stub, and quartar-wava 7-MHi 
switching stub. This can be part of a baxooka balun. 


what difficult to adjust initially because 
of the loading effects of the 80-meter sec¬ 
tions upon the 40-meter section inside of 
the 40-meter Hy-Gain traps. 

The need for clipping on wires was 
found unnecessary when an 80-meter 
phone dipole was placed in parallel with 
the old 80-meter cw dipole which was 
trapped for 40 meters. However, there 
continued to be some interlocking ad¬ 
justments. 

An alternate plan used one dipole from 
the center of the antenna to the 40-meter 
trap, and then two fanned wires from the 


80 phone. Such an arrangement was put 
up at WB6ITO and WA7NAR using a 
wooden mast and a four-wire cage dipole 
on X-shaped spreaders. The wires are not 
connected at the far ends, but the lengths 
are cut for different frequencies in order 
to produce a fairly flat swr over the en¬ 
tire 80-meter band. One wire presumably 
can be cut for 40 meters. The problem of 
adjustment might be simplified by clip¬ 
ping extension wires on the three (or 
two) 80-meter dipoles not being adjusted, 
in order to move them out of the range 
of the dipole being adjusted. Actually, 
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the adjustment is not to "resonance," but 
to a low swr at the dipole's assigned fre¬ 
quency in the band. 

general solution 

So far several satisfactory one-coaxial- 
cable two-band antennas have been men- 


2. A fan dipole with 40-meter traps in 
all of the wires, and a parallel quarter- 
wavelength stub (or slightly longer, 
possibly made of shielded tv foam cable 
coiled up) or bazooka with the auto¬ 
matic switching discussed above (see 
fig. 10). 



fig. 10. Broadband 80- and 40-meler fanned invertad-V, trapped for 40 meters. Stubs perform the same as in 
fig. 9. 


tioned, including those with a separate 
wire for 40 meters, and two-point or wide¬ 
band coverage of 80 meters. If two coax¬ 
ial cables are considered, the problem of 
obtaining broadband coverage of 80 me¬ 
ters is not difficult if a quarter-wave stub 
or bazooka balun is used for broadening. 

For full coverage with a single feedline, 
other than the two cage dipoles described 
by Covington,11 or a single cage which 
might permit trapping one wire for 40 
meters, it appears that the most satisfac¬ 
tory design will use a combination of 
methods such as those discussed above and 
will be useful throughout both 40 and 
80 meters with an acceptable swr. The 
most promising possibilities appear to be: 

1. A 40-meter wire and an 80-meter 
wire, broadbanded by a parallel quarter- 
wavelength (or slightly longer) stub or 
bazooka whose length is automatically 
switched between bands by applying a 
quarter-wavelength open-circuited line 
at the position that will shorten the 
stub to the 40-meter length (fig. 9). 
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quick band change 


from 

six to two meters 


If you like to operate 
on both six 


My profafem was how to get back and 
forth between 6 and 2 meters with this 
rather complex array of equipment: An Ame- 
co TX62 (6- and 2-meter output on one coax 
connector); two converters, indicating lights; 
on-the-air light; and a speaker switch. One 
way would be to change a lot of coax cables, 
power cables, converter connections, etc. 
Meanwhile, the skip would have come and 
gone while thrashing around trying to get 
set up on the other band. A much quicker 
way is shown in fig. 1. Here's how I did it. 

I had three surplus coax relays that came 
from an old vhf ARC-5 and a 12-volt dpdt 
relay. Coax relay 4 (fig. 1) was ordered from 
K8ZES, whose ad appeared in the August, 
1955 issue of the Vhfer. These were two 
dollars post-paid at the time. They're smaller 
than standard coax relays. I used this to 
change my receiver input to either con¬ 
verter. Although these relays are 24- or 
28-volt types, they've been working fine on 
12 volts for three years. If you have a 
28-volt coax relay, try it on 12 volts before 
you spend your hard-earned cash on anoth- 


and two meters, 
here's an equipment 
changeover scheme 
that is practically 
instantaneous 


so 


C 

2 




UJ 





d 


er. 

With all coax relays unenergized, the sta¬ 
tion is on 6 meters. Switch 2 is mounted on 
the mike. It energizes the on-the-air light 
(red jewel) and also energizes the dpdt re¬ 
lay, which disconnects the speaker and 
shorts the audio through a 10-ohm resis¬ 
tor. The other relay contacts ground the 
cathodes in the TX62. Coax relay 2 is 
table 1. Parti data for the <■ and 2-niator awitehing 
cireuita. 

T1 Tranaformer, 110 V primary; 18 V Th 

A aaeendary 

01 Stud-typa (unmaikad) raetifiar from 

Polypakf 

Bulbs 12 V bayonet type number 1820 

mounted in holder with colored Jewel 


Coax relays 

1 through 3 war surplus salvage 


4 

SW1 

SW2 


see text 

dpdt toggle switch 

modified microswitch mounted 
on microphone 
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2 Mcrfs 


6 METER 



(RED) (WHITE) (OREEN) 



(ig. 1. Switching circuit for quickly changing between 6 and 2 maters. Coaxiai raiays are coaxial dc-operated 
types. Heavy lines represent coaxial cables. 


changed from receive to transmit through 
the coil of relay 5. 

Throwing toggle switch 1 to the 2-meter 
position lights the 2-meter indicator light 
(white jewel), selects the 2-meter antenna 
via coax relay 1, connects the antenna cir¬ 
cuit to the 2-meter converter via coax re¬ 
lay 3, and connects the output of the 2- 
meter converter to the receiver. With toggle 
switch 1 in the 6-meter position, every¬ 
thing is connected for 6 meters, and the 
6-meter light is on (green jewel). 

This may sound complicated to some and 
may be too much of a lashup for others, but 
it's easy to work. With switch 1 up and the 


green light on, after I throw the master 
switch that turns everything on. I'm listen¬ 
ing on 6. I press the mike switch, and Tm 
on the air. If I want to go to 2 meters in 
a hurry, all I have to do is place toggle 
switch 1 in the down position, the white 
light goes on, and Tm on 2 — just that 
simple and fast. 

Additional information on the parts I 
used is given in table 1. (Other parts are 
as marked in fig. 1.) If you're interested, 
the swr bridges were made from an article 
entitled "Vhf Monimatch" in the Radio Ama¬ 
teur's Vhf Manual. 

ham radio 
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converting the hallicrafters 
SR-ieOtoan SR-500 

while considering the purchase of either 
a used Hallicrafters SR-160 or an SR-500, I 
was looking over the two instruction manu¬ 
als. The schematics showed that both units 
were identical with the exception of the 
final amplifier lubes. The circuits were the 
same, and even the same components were 
used in both final amplifiers. Because of 
this similarity, it's a simple job to convert 
Ihe SR-150 to an SR-500. 

Before converting Ihe transceiver, you 
should think about the new power require¬ 
ments. It's not economically feasible to con¬ 
vert the SR-160 power supply, since this 
would require a new transformer, new diodes 
and new liter capacitors for the high-voltage 
supply. The most economical way is to sell 
the old SR-160 power supply and buy a used 
SR-500 power supply. According to current 
used-equipment prices, it should be possible 
to swing this deal with a cash difference of 
about $25. 

The other approach is to build a supply 
tor Ihe converted SR-160/S00 from scratch, 
and you could keep Ihe SR-160 supply for 
later conversion to original configuration for 
resale. 

If you build your own power supply it 
must provide Ihe following voltages; 

280 Vdc, 100 mA 
750 Vdc, 50 mZ 
-80 to -130 Vdc, 10 mA 
12.6 Vac, 5A 



fig. 1. Converting lh« Hillicnilon SR-1N 
to an $R>500. Original SR>160 final ampllftar 
wiring, A, and tho SR-500 circuit. 


Once the power supply is taken care of, 
the modification of the SR-160 is as follows. 

Remove the two 12DQ6B final amplifier 
lubes from their sockets. Rewire the socket 
connections to Ihe final amplifier lubes as 
shown in fig. 1. Install two 8236 lubes in 
the final amplifier sockets. 

Readjust Ihe bias for an idling current of 
100 mA, using the method outlined in the 
SR-160 instruction manual. 

Due to the similarities of the two equip¬ 
ments, the SR-160 manual and the SR-500 
manual are identical. Note the changes made 
in the final amplifier socket wiring and the 
new idling current required in Ihe bias 
adjustment. 

As a matter of interest, I noted that the 
picture of the SR-160 bottom chassis view 
(Figure 13 of the manual) had been used 
in Ihe SR-500 manual. It was possible to 
make this identity by checking the pin con¬ 
nections to the final amplifier lube sockets. 

If you have an SR-160, this is an easy way 
to beef up its output a little. 

Al Brogdon, K3KMO 
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impedance bridge 

Here is a useful little bridge that can be 
used to compare the impedance of an un¬ 
known antenna (or network) to a known 
termination over the range from 2 MHz to 
9(X) MHz. By changing the value of the 



Construction of tho impodanco bridge. Unit 
must bo housed in o metsl boi. 


termination, impedance can be checked in 
the range from 25 to 500 ohms; to check 
the match of a 50-ohm antenna for example, 
a 5-ohm load would be placed across the 
termination terminals. When the impedance 
across the test terminals is equal to the 



fig. 3. tmp«d«nc« bridg« compares "tormination" 
impodanco to tho *‘tost" impodanco. Transformor T1 
hat two windings; each winding is ono him through 
a small doublo-holo toroid, tho windings connoctod 
as above. 


impedance across the termination terminals, 
there is no output. 

This bridge may be used with a sweep 
generator and oscilloscope to display a cir¬ 
cuit’s resistance characteristic over the de¬ 
sired bandpass. To determine tho value of 
an unknown impedance connected at the 
test socket, a calibrated variable resistor 
may be used at the termination terminals. 
When building this simple instrument, make 
sure all lead lengths are equal. It is not 
necessary for the impedance of the measur¬ 
ing equipment connected across the input 
and output terminals to have the same value 
as the unit under lest. 

Oliver W. Swan, W6KZK 

instant replay 

Does your tape recorder sit idle while 
you're on the air? All you need is a con¬ 
tinuous tape loop, of as long a length as 
practical in your shack, made by slicing and 
joining both ends of a length of tape. With 
appropriate "jury rigging", such a loop can 
run forever without snagging. Continuous- 
loop automotive cartridge recorders such as 
the Sony TC-8 could also be used. 

Whenever you do a bit of listening on 
the bands, run the recorder, either directly 
from the receiver's speaker output, or sim¬ 
ply through the recorder's mike, placed 
near the speaker. Leave the machine in the 
"record" position; you will, at any given 
moment, have the most recent sounds (or 
minutes) of received signal, depending on 
loop length, which can be instantly re¬ 
played by quickly switching to the play 
mode. Why? Imagine this: 

1. As a novice, you're trying to copy a 
signal slightly above your maximum cw re¬ 
ceiving speed, to help improve your own 
speed. You got nearly all, but what did 
you miss? Flip to "play", cut the record¬ 
er's speed from maximum where the loop 
was originally run down to minimum. If 
your recorder has two speeds, you'll have 
halved the original wpm to a more com¬ 
fortable level. If it has three speeds, you can 
cut down to one-quarter of the original 
speed. 
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2. You're a DX hound, on cw or phone, 
and you think you've just heard an un¬ 
believably rare one. Or was it? Play it back 
again, maybe twice, before trying to call. 
Too bad! It wasn't ZK3JO . . . just K3JOZ. 

3. You're handling traffic when a noise in 
the shack distracts you. You've missed an 
important part of the message. Ask for a 
complete repeat? That won't be necessary 
if you've caught the missing section on 
tape. 


soldering tip 

Dig around the lumber yard for a scrap 
of lumber with a big end-grain knot, the 
sappier the better. Make a depression in 
the knot to hold a drop or two of solder. 
Then, when you want to clean and tin your 
iron, just rub the tip on the knot. Cover 
the bottom of the knot to keep it from 
glopping up your bench. 

James T. Lawyer 


Of course, a tape loop isn't absolutely 
necessary; you could record the entire oper¬ 
ating session on a full reel to be replayed 
when a log entry is to be clarified, and 
re-recorded on the same tape during the 
next session. But a loop, especially a short 
one, eliminates the time and uncertainty of 
fast rewinding. Experiment with different 
loop lengths (times) to find the length best 
suited to your operating habits. Using a 
loop is like having an insurance policy. 
You'll begin to appreciate it the first time 
you really need it. 

Bob Hirschfeld, W6DNS 

using an outboard receiver 
with the SB-100 


The following idea is offered as an ad¬ 
dendum to a similar item that appeared 
in an earlier issue of ham radio.* In my 
case, it was a simple matter of rewiring 
two sets of contacts on my Heath SB-100 
antenna T-R relay so I could use a sepa¬ 
rate receiver with the unit. I wasn't con¬ 
cerned with switching the two audio out¬ 
puts to a single speaker, as shown in the 
previous article, so no provision was made 
for this. 

The before-and-after circuits are shown 
in fig. 3. I'm not familiar with the dif¬ 
ferences between the SB-100 and the SB- 
101, but if the T-R relay setup is similar 
in the two units, the modification should 
also work for the SB-101. 

Bill Clements, K4GMR 

•Jim Fisk, "Using an Outboard Receiver with a Trans¬ 
ceiver," ham radio, September, 1958, p. 12. 


LPY antenna 

Unfortunately two of the driven elements 
were transposed in fig. S, page 13 of the 
July issue; the positions of the third and 
fourth driven elements should be reversed. 
If the antenna is built as shown there will 
be a serious loss of gain. 


w Lea 



TO PA BANDSyi^TCH 
CONTACT 10, DECK5R 


RECEIVER* 

ANTENNA 



RF OUTPUT 

(TO TRANSMIT ANTENNA) 


*THIS JACK ORIGINALLY USED FOR OPTIONAL 
CONNECTION OF A SEPARATE RECEIVING ANTENNA. 


TO m aAMDSMTTCH 
CONTACT 10, DECK SR 



"•ms JACK NOW USED FOR CONNECTION TO 
OUTBOARD RECEIVER'S ANTENNA POST 

fig. 3. Original. A, and modified circuit, B, showing 
SB-100 T-R wiring for outboard receiver; no new 
parts are required. 
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SR-2000 that s what, the Hallicrafters SR-2000 trans¬ 
ceiver is packed with watts. 2000 watts, that s WATTS 
of power, you can buy it today. 


FEATURES: < 1 KC readout • ex¬ 
clusive RIT (Receiver incremental 
Tuning) • AALC Amplified Auto¬ 
matic Level Control • built-in 
Noise Blanker • 100 kHz crystal 
calibrator, VOX. PTT, Break-in CW 
• < 1 uv sensitivity for 20 db S: 
N/N • compact rugged cabinet • 
2000 watts SS8. 1000 watts CW 
in a package only 7^ x 16Vi x 15 
inches • P-2(X)0 AQ power supply 
including built-in speaker, final 
amplifier plate metering. 110/220 
VAC • See WATTS UP at your lo¬ 
cal Hallicrafters distributor today. 


ha//icraffers m 

A of Nonrwop 




600 HICKS KOAO 

ROUINC MEADOWS. iUINOlS 60008 
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a mobile mount bracket 

Serious thought must be given to mounting 
a transceiver in the front seat of today's new 
cars, because the bracket normally accom¬ 
panying the equipment won't allow suffi- 



fig. 4. Homemade mobile mount bracket. 


cient clearance above the hump in the floor¬ 
boards when the equipment is bolted under 
the dashboard. 

I found it necessary to design a mobile 
mount bracket with a slightly different shape 
to fit my NCX3. Also I recalled the many 
times my wife had caught her stockings on 
the arms of the old bracket when 1 had the 
rig out of the car. So with all that in mind, 
the design in fig. 4 was created, and the side 
arms were made removable. 

I constructed the bracket from a iVa-inch 
piece of 5052-H32 aluminum alloy with a 
hardness index of 46. However, any hard 
aluminum that can be bent 90° will suffice. 
I cut it the same length as the bracket that 
came with the equipment so that when Va- 
inch right-angle lips were formed at each 
end, it fitted over the transceiver case. PEM- 
NUTS with 6-32 threads were fitted into the 
Va-inch lips, and, of course, the body of the 
bracket was cut so that when fastened under 
the dashboard, the bracket could be slid 


either way for proper positioning. The arms 
were fashioned as illustrated, but as each car 
is different, their angle may vary. This can 
be determined almost by the naked eye. The 
arms are fastened by 6-32 screws that go 
through the neck of the arms and into the 
PEMNUTS. 

The result is a very firm installation. When 
the rig is out of the car, the arms are put 
into the glove compartment, and the wife's 
stockings and shins are safe. WA4KDI did 
the mechanical design. 

Gay E. Milius, Jr., W4NJF 


pentode replacement 

Many amateurs are updating their old 
equipment by replacing vacuum tubes with 
semiconductors. Bipolar transistors are used 
occasionally, but the trend seems to be to 
junction fets and mosfets, with mosfets tak¬ 
ing the lead, jfets are a little harder to use, 
but not much, and they are still lower priced 
than rf-rated mosfets. The circuit shown in 

PLATE 



fig. 5. A simple solid-state circuit that can 
be used to replace vacuum tubes in simple 
amplifier circuits. 

fig. 5 is a simple cascode circuit that may be 
used as a simple plug-in replacement for 
most pentode vacuum tubes. The circuit 
shown here works well up to 30 MHz; for 
higher frequencies bypass capacitors Cl and 
C2 should be reduced to 0.001. When using 
this circuit, make sure that the voltage at the 
"plate" terminal does not exceed 50 volts. 
Current drain of the circuit is about 600 
microamper(;s. 

Jim Fisk, W1DTY 


70 february 1970 




Tomorrow’s state of the art today ... 
THE NEW VARITRONICS/INOUE 


DELUXE IC-2F 

AMATEUR 2 METER FM TRANSCEIVER 



All the features of the now famous FDFM-2S are combined with the most up-to-date 
technology and even smaller, smarter styling to make the Deluxe 1C-2F an extraordinary 
amateur 2 meter FM transceiver. Look at the specifications of this beautiful, all solid 
state equipment. . . 


TRANSMITTER: RF input power— 20 watts; RF out¬ 
put— 10 watts minimum; maximum frequency 
deviation—I5KHz (adjustable); Automatic Pro¬ 
tection Circuit (APC) — NEW! Not offered in 
any other transceiver on the market. Absolute 
assurance of final PA protection from shorted or 
high VSWR antennas by instantaneous trans¬ 
mitter disabling; Electronically switched—no re¬ 
lays; Sealed low pass filter to eliminate spurious 
radiation. 


RECEIVER: Double conversion superheterodyne; 
Sensitivity better than ().4/iV (ffi 20 db of quiet¬ 
ing; FET front end; ceramic filters for excellent 
bandpass shaping; Integrated Circuit IF; built-in 
speaker on front panel. 

GENERAL: Six channels (six transmit and six re¬ 
ceive crystals) selectable from the front panel; 
large REV'S” meter and easier to read controls; 
power requirements 12 to 15 volts DC. 


The Deluxe IC-2F comes complete with high impedance microphone, three-position 
chrome mobile mounting bracket, crystals installed for two channels (Ch. 1, 146.34/ 
146.94; Ch. 2, 146.94/146.94), power cables and plugs and manual. Amateur Net $349.95 


Optional AC Power Supply with built-in Discriminator Meter, Model 1C-3P. Amateur Net 
$49.95 


A vailable at your dealer 

Varitronics Incorporated 

3835 North 32nd Street • Suite 6 • Phoenix, Arizona 85018 


SEE THE IC-2F AT S A ROC IN LAS VEGAS, February 4-8 










Dear Mr. Bonadio: 

1 am one of "those Engineers" you are 
talking about. I would like to make some 
comments regarding your antenna, and 
also about science in general. Many dis¬ 
coveries are made by people not trained 
in the field, and anyone who makes one de¬ 
serves a lot of credit because he starts with a 
distinct disadvantage. He has to try every¬ 
thing: things that can pay off as well as 
those things that cannot because of physi¬ 
cal laws against them. An additional dis¬ 
advantage is that the untrained inventor 
fails to see the commonalities inherent 
in many designs that look quite different. 

There is no question in my mind that 
the antennas you describe work as de¬ 
scribed and in many situations will give 
better results than the beam antenna next 
door. That still does not mean that they 
are superior antennas in general. This, 
I think, is the reason why you could not 
sell them to manufacturers. 

The "square diagonal" antenna has 
the characteristics of a dipole. You give 
directions for switching its (horizontally 
polarized) pattern by 90 degrees by 
means of relays. By adding two more po¬ 
sitions on the switch you can switch the 
beam 45 degrees at a time, lust open up 
one set of dipoles at a time. The antenna 


Mr. Bonadio replies: 

Yvf, I've tried to violate \ome ol what 
we believe In be phydcal laws, because I 
don't trust everybody else's beliels either. 
What I was originally trying to do was to 
broadband a doublet. I did. I then went to 
logical extremes. Then I could switch it 
and keep it in tune—at lahulously low Q. 
I hen the ridiculous reports started coming 
in. These were on comparative strengths 
Irom l)X and lading comparisons in round 
tables. This ua.v Irom two dimensional ele¬ 
ments. So, naturally, I tried three dimen¬ 
sions. The ratio ol reports improved. En¬ 
thusiastically I lore down my old compari¬ 
son antennas. Then I idealized the three 
dimensional etieci in the six-element space 
dimension antenna, and found it heller 
than the four- or eighl-efemeni systems. 

I sent the editor of ham radio a fist of 
about 10(1 ridiculousfy good reports from 
my modest operating before he woufd ac¬ 
cept my article. Operated correctfy, these 
antennas are actually very effective. How¬ 
ever, safes to a manufacturer are based on 
that manufacturer needing the item for his 
profit picture. After amateurs prove that 
these antennas have a desirable place in 
sales, manufacturers can he interested, not 
before. 

The third paragraph’s first sentence is in 
error. A dipole has extremes ol reactance 
and a high radiation resistance and launches 
a ivave from an element laying in one dimen¬ 
sion. My square diagonal has unusually low 
and smooth reactance curves and a lower 
radiation resistance, and launches a wave 
Irom “an clement" in two dimensions 90° 
apart, which gives a complex wave. The 
extra fmsition on the switch would recfuirc 
a second set ol tuners, as the electrical 
appearance to the feeders of a two-wire 
dipole is grossly different Irom a four-wire 
load. The pattern dillerences are now mod¬ 
est on the lour wire systems, so that lour 
patterns in place ol two would he undesir- 
,able encumberance. I compared virtually 
every contact lor a year hetsveen a 162-loot 
dipole and an equivalent 81-loot square 
square-diagottal antenna on 160 through 10 
meters. One never performed "exactly as" 
the other. 
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will perform exactly as a rotating dipole 
with the advantage of quick pattern 
change. 

The “box diagonal" antenna is identi¬ 
cal in pattern and polarization as above. 
It simply uses more hardware for the 
same result. 

The "space dimension" antenna has 
the performance, pattern and polariza¬ 
tion of a dipole that can be inclined at 
various angles to the horizontal and ro¬ 
tated in azimuth, by means of electrical 
switching. Similar comments apply to the 
"cube diagonal." 

Since the direction of arrival and polar¬ 
ization of sky waves varies continuously, 
fast pattern and polarization changes can 
be a help for receiving. Such flexibility 
is not available in mechanically steered 
antennas. Since the arriving wave is gen¬ 
erally linearily polarized it helps to have 
a receiving antenna that can be switched 
to circular polarization also. This can re¬ 
duce fading markedly and does not re¬ 
quire constant attention. 

For transmitting purposes the problem 
is entirely different. Assuming the opti¬ 
mum sky path and expected polarization 
is not known in advance (which is gen¬ 
erally the case), all that one can do is 
transmit under antenna conditions that 
yielded the strongest signal on reception. 
If polarization changes during the trans¬ 
mission there is no signal or feedback. 
Since polarization changes quite rapidly 
with skywaves there is little advantage for 
these antennas from a transmitting point 
of view. 

For long distance work, on the aver¬ 
age, the antenna that can put the most 
power into a given direction with the 
lowest possible angle will get through 
most often. There will always be "freak" 
propagation conditions where almost any 
kind of antenna can produce the strong¬ 
est signal. Such things as "one direction¬ 
al" skip do certainly exist although they 
are extremely rare. Electro-magnetic path 
loss is usually identical at a given instant 
of time and polarization, in the two dif¬ 
ferent directions. 

Peter Laakmann, WB6IOM 


The box diagonal improved the "anti¬ 
fading" factor and the "DX in poor condi¬ 
tions" factor over the doublet, with similar 
feeders and tuners. These were delightful 
results of using more hardware. 

If you are receiving my waves, which 
started on a triple polarization, instead of 
linear polarization, can you obtain as deep 
a fade on my signals You may have thereby 
explained the reports I receive about less 
fading. Incidentally, what disturbs some 
engineers is that I observe reports of less 
dissipation per hop on the one hand, and 
on the other, feel that these systems have 
no great receiving advantages. I believe 
that the propagation damage happens to 
different styled waves differently in the ion¬ 
osphere, (which itself is of peculiar polariza¬ 
tions), and alter that fact, no receiving an¬ 
tenna can restore that extra dissipation. This 
is why I ask for transmitting, instead of re¬ 
ceiving, tests through the ionosphere. 

The antenna that yielded the strongest 
signal on reception (at my contact's loca¬ 
tion) was not the dipole—it was one of my 
multivector systems. Apparently I radiate a 
bushel-basket wave and overcome lading by 
being every which way at once. In optics 
.1 polarized filter can null light of singular 
polarization but it cannot null multi-polar¬ 
ized light. 

Carl Mosley, an antenna manufacturer, 
in a technical talk at the Rochester Hamfest, 
said that quads (which have low-grade two 
dimensional vectorship) open the bands 
about a half hour earlier and close them 
about a half hour later than equal gain 
Yagis (which have high-grade one-dimen¬ 
sional vectorship). I think he was referring 
to poor propagation conditions, such as at 
hand openings and closings. The low-grade 
two-dimensional waves of quads were many 
dB better than Yagis, but this difference 
does not remain when propagation is ex¬ 
cellent. I observed the same confounding 
peculiarity on my continuous-spectrum, high- 
grade, two dimensional system, and then 
improved the effect by going to several 
three-dimensional systems. Comparative 
transmitting results are so unbelievably 
good, on poor skip, that alter you have a 
three-dimensional system working, you will 
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be called a liar by those who never have 
tried one. When your DX contact is weak, 
all you have to ask is, "How does my sig¬ 
nal strength compare with other American 
signals which you can hear now?" I sug¬ 
gest that you keep your tape recorder handy. 

George A. H. Bonadio, W2WLR 

Dear HR: 

Bill Orr's otherwise complete article on 
fm in the September issue glossed over one 
interesting point. This “footnote" is an ef¬ 
fort to set the record straight. 

Ham radio really missed the boat by not 
being the first service to pick up fm as an 
improvement over a-m. In the late 1930's, 
when fm was first suggested (magazines 
carried construction articles), putting an fm 
station on the air meant building a new kind 
of receiver (wide-band i-f, limiter and dis¬ 
criminator) and using it on either 5 or 2-1/2 
meters. You can believe that no one was 
trampled in the rush, although a few brave 
souls did try it (and became believers). 

In the next go-round, narrow-band fm 
was permitted on the more popular hf bands, 
but as Bill mentioned, it was used predomi¬ 
nantly by hams trying to avoid bci (that's 
"broadcast-receiver interference" to the tv 
generation). Bill says that ". . . fm languished 
in the amateur bands . . . (it) was obtained 
by the flood of surplus a-m gear that in¬ 
vaded the market." That's just nice-guy 
Orr letting the hams off lightly. Look at the 
record. In the late 1940's every ham had an 
a-m receiver. To receive an fm signal he 
had to use slope detection (tune off to one 
side of the carrier frequency); you could 
copy an fm signal that way, but in doing 
so the fm signal took a 6-dB loss. 

"So what?" you ask. Well, if you were 
using a 100-watt fm transmitter, you started 
out by taking an immediate 6-dB back seat 
to every 100-watt a-m rig on the band. 
Quite an incentive to change from a-m to 
fm! 

Oh, but surely the hams realized that 
fm was better than a-m, for the reasons set 
forth in the technical articles of the time. 
Don't you believe it! Hams reasoned that 
their receivers told the true story, regard¬ 
less of what the magazine articles said. 


They had observed a-m take out fm on their 
receivers; that was all the proof they needed. 

Some manufacturers made fm detector/ 
adapters that could be tied into an exist¬ 
ing a-m receiver, to permit copy of an fm 
signal as it should be (and without the 
6-dB disadvantage). But why invest in a 
gadget when your trusty station receiver had 
already proved that the signal (fm) was an 
inferior type? And thus, in 1939 and again 
in 1947, amateur radio booted a golden 
opportunity to grow up. 

Then came ssb. On an a-m receiver it 
couldn't even be copied. But on a cw re¬ 
ceiver (once you acquired the knack of 
tuning) sideband was loud and clear and 
had it all over a-m. And—here's the meat— 
every ham had an a-m/cw receiver. (How 
many—even now—have an a-m/fm receiver?) 
No ham had to buy anything to learn the 
superiority of sideband. Sure, he did have 
to learn how to use his receiver, but the 
little beauty was already paid for and all 
the owner needed was a few hits on the 
head and a little practice. 

So we hams missed the boat by not pick¬ 
ing up fm immediately, but we didn't boot 
sideband because our receivers could han¬ 
dle it. What do we do with the next great, 
or near-great, improvement that is offered 
to us? 

Clad you asked. Here are a couple of 
suggestions: 

1. Understand the new thing. If you don't, 
or think you can't, find someone you trust 
and ask him to explain it to you. But until 
you understand the new thing, don't form 
an opinion! (That 6-dB disadvantage of fm 
disappeared with a suitable receiver, as did 
the "horrible, impossible, incompatible splat¬ 
ter of ssb.") 

2. Don't brag about how quick amateur 
radio is to pick up new technical improve¬ 
ments. As Bill pointed out in his article, 
information on fm has been available since 
1935 or so. It is a fact that hams are be¬ 
ginning to use fm at an increasing rate 
toward the end of the 1960's. This is 
alacrity? 

Byron Goodman, W1DX 
East Hartford, Connecticut 
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communicRTion 


Many thousands of you have be¬ 
come very familiar with the vari¬ 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com¬ 
munication. 

This is the oldest and most widely 

book 


read British amateur radio maga¬ 
zine. Published monthly it pro¬ 
vides complete coverage including 
such popular features as: Techni¬ 
cal Topics, a monthly survey of 
the latest ideas and circuits. Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi¬ 
tion to a complete rundown on 
the month’s events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga¬ 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out¬ 
going QSL Bureau) for only $6.00 
a year. 

i visio n 


Box 592 • Amherst, New Hampshire 03031 


FREQUENCY STANDARD 


The pictured completely assembled and tested printed circuit Frequency 
Standard, isamust in every Ham station. Ilyou now own a conventional 
tOOKHz calibrator It is inadequate, out ol dBte--but you ran salvage 
your lOOKHz crystal and use it with our Model 100-S.or Model 100-25 
Frequency Standard to gel sharp, accurate markers to keep your 
receiver-Irancelver exactly on frequency. 


MODEL 100-25 HAS 3 OUTPUTS: 100.50.AND25KHz 
PRICE S12.LESS XTAL. POSTPAID 
MODEL 100-5HAS 50UTPUTS: 10 0,50.25,10AND 
5KHz PRICE $15, LESS XTAL. POSTPAID 


SPEC IFICATIONS: 

1. ALL COMPONENTS ASSEMBLED AND 
TESTED 

2. GLASS EPOXY PC BOARD 

3. BUILT-IN TRIMMER ALLOWS PRECISE 
ZERO-BEATING TO WWV. 

POWER RE0UIRE0-5V0C AT 130MA 
5.0UTPUT- 3.8V SQUARE WAVE 
6. VERY COMPACT, ONLY 1.6 X 2.5 INCHES. 


GUARANTE E - includes repair or replacement 
of either unit for 90 days. 

BAKER EX W3ZNI & WINNAY K3KRF 
420 MAPLEWOOD AVE. 
SPRINGFIELD, PA. 19064 
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new linear amplifier 



Gonset has just announced a new linear 
amplifier for the amateur high-frequency 
bands—the GSB-201 Mark IV. This new 
grounded-grid amplifier is capable of the 
maximum legal input of 2000 watts PEP on 
10, 15, 20, 40 and 80 meters and uses four 
husky carbon-anode 572B's along with a re¬ 
liable solid-state full-wave bridge power 
supply. Both the high-voltage and bias sup¬ 
plies are built into the unit. Also included in 
the package is a universal antenna change¬ 
over relay that permits using the amplifier 
with either a transceiver, or with an inde¬ 
pendent transmitter and receiver. The cool¬ 
ing fan operates only while transmitting. 
$495 from your local dealer. Complete de¬ 
scriptive information is available from Gon¬ 
set Division, Aerotron, Inc., P. O. Box 6527, 
Raleigh, North Carolina 27608. 


electronic keyer 



Curtis Electro Devices has announced a 
new 1C electronic keyer that features dot 
memory and instant character start. Speed 
range is 8 to 50 wpm. In addition to pro¬ 
viding perfectly formed and spaced char¬ 
acters, the unit will provide semi-automatic 
operation with a straight key or "bug." Pow¬ 
er supply, sidetone oscillator and speaker 
are built in. Sidetone pitch and volume 
controls are provided as well as momentary 
and locked "tune” switches. 

A jack is provided for an external manual 
stand-by key. Output keying is switch se¬ 
lected for either solid state (—105V, 50 mA 
maximum) or read relay (optional). Cover is 
light blue wrinkle finish, with panels in dark 
green to match the popular Heath SB series. 
Other popular color combinations are avail¬ 
able on special order for a slight additional 
cost. Complete, less paddle, $56.00; kit with 
assembled and tested card with connector, 
$25.00; relay option is $3.00 extra. Curtis 
Electro Devices, Box 4090, Mountain View, 
California 94040. 

Worthington phasar-40 
antenna 

The new Worthington Phasar-40 is an 
electronically steerable directional vertical 
antenna array for 40 and 15 meters. The 
antenna system consists of two self-support- 
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PHASE CORPORATION ELECTRONICS DIVISION 


FOUR TRACE 



PRE-AMP KIT 


ONLY 


24.95 


TtCHNICIANS 


hobbyists 

teachers 


engineers 


CHECK 

THESE 

FEATURES 


C3^ FET INPUT 
^ 3 ' ALL SOLID STATE 
[3 WORKS WITH ANY SCOPE 


rpf' CENTERING & GAIN CONTROLS 
’ FOR EACH CHANNEL 


MAKES YOUR OSCILLOSCOPE 
MORE ELEXIBLE 


USE ONE. mo. THREE 
OR FOUR TRACES 


EASILY ASSEMBLED 


SPECIFICATIONS: 

BANDWIDTH: 1 MEGAHERTZ/CHANNEL 
DISPUY TIME: 50« SEC/CHANNEL 
TRANSITION TIME: 5r SEC. 

MAXIMUM OUTPUT VOLTS PER CHANNEL 
0.5 VOLTS PEAK TO PEAK 
INPUT IMPED /CHANNEL: 1 MEG u 
GAIN/CHANNEL: -20 db 

KIT CONTAINS ALL PARTS. THIRTEEN TRANS 
ISTORS (INCLUDING « FET S). 2 DIODES. ALL 
TEMPLATES, ETCHED AND DRILLED CIRCUIT 
BOARD, AND COMPLETE EASY TO FOLLOW IN 
STRUCTIONS 


SYNC. OUTPUT PROVIDED 

CAN BE BUILT INTO YOUR SCOPE, OR USED 
WITH THE OPTIONAL CUSTOM CABINET 

THE SENSITIVITY IS LIMITED ONLY BY THE 
SENSITIVITY OF YOUR OSCILLOSCOPE 

WORKS ON BATTERY VOLTAGE AS LOW AS 3V 
PORTABLE AND COMPACT 

USES STANDARD 9V BATTERY (NOT SUPPLIED) 

CAN BE USED AS A STAIRCASE GENERATOR WITH 
THREE VARIABLE LEVELS 


MODEL AIK 
CUSTOM CABINET 


ETCHED AND DRILLED CIRCUIT BOARD ONLY 
ASSEMBLED. COMPLETE WITH CUSTOM CABINET 
MODEL AlW 

THE PHASE COKPOK.ATION. MEDEOKU. MASS 02155 


$ 5.00 


$2A 95 
4.98 


(hmtleinen; Please send the following 



□ Model AIK 

S2^.B5 

Name 

□ C'ustom (lahinel 

4.98 


□ Model AlW 

49.95 

Street 

Q Ktchcd and Drilled 



circuit IxMfd only 

5.00 

City 


Plrast> print 


State 


Ma.\s rrsidenis 
add 3S sales lax | 


Zip 


Q 1 eitciosc a check or n>oney order in the amount of 
Q Please charge this to my Q Master (’Karge # 


Q BankAmcricard # 
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ing quarter-wave radiators spaced either 34 
or 68 feet. A remotely located control head 
allows selection of either a figure-eight or 
cardioid pattern. Rapid pattern switching 
allows the operator to null interfering ama¬ 
teur and foreign broadcast signals. The 
Phasar-40 provides a low angle of radiation 
for enhanced DX work. Properly installed, 
with an external ground system, the Phasar- 
40 will exhibit up to 4.5 dB over a single 
quarter-wave vertical, and up to 7 dB over 
a half-wave dipole. 

Because of the relatively small diameter 
of the tube used for the vertical elements, 
the Phasar-40 is virtually invisible when 
viewed from any distance. Strength has not 
been compromised, however, and the an¬ 
tenna has been built to withstand 70 mph 
winds. $89.95 from Worthingham Electronics 
Company, P. O. Box 507, Warren, Michigan 
48090. 

rsgb vhf manual 

uhf-uhf —‘— 

manual 



The Radio Society of Great Britain has 
published another excellent handbook for 
hams. It's the 245-page VHF-UHF Manual, 
written by C. R. Jessop, G6JP. 

Perhaps the best way to point out its use¬ 
fulness is to discuss the material it contains: 

The first chapter is devoted to propaga¬ 
tion, and should interest both the beginner 
and advanced vhf'er. 


The chapter on tuned circuits and filters 
includes both design tables and formulas, 
and tested designs that are ready to copy. 
Of particular interest is the information on 
quarter-wave helical filters, which are little 
known, yet offer many advantages. 

The chapter on receivers includes much 
general material, a complete hf/i-f receiver, 
an excellent discussion of noise, and many 
vacuum tube and semiconductor vhf/uhf 
converters and preamplifiers. One section 
of this chapter that will undoubtedly attract 
much attention is that devoted to tunnel 
diode amplifiers, including a practical 70-cm 
(432 MFfz) preamp with a 3- to 4-dB noise 
figure. However, few would be likely to use 
one of these tricky beasts at 432 when 
easy-to-use fet circuits provide comparable 
performance. 

Two 23-cm (1296 MHz) converters—-one 
using transistors—and a unique crystal-con- 
trolled 13-cm (2304 MHz) converter are 
described. As is usually the case in RSGB 
publications, complete and detailed dia¬ 
grams, layouts and tuning instructions make 
it easy to duplicate these converters. 

The chapter on transmitters is as com¬ 
plete and interesting as that on receivers. 
Design information is provided on both 
tube and transistor equipment. Some de¬ 
scriptions that especially caught my eye 
were a true cavity 70-cm amplifier using a 
4CX250, and simple 1/2-W, 2-meter and 
70-cm solid-state transmitters that could be 
duplicated inexpensively in a few hours. 
Other chapters cover ssb, antennas and test 
equipment. 

The fact that the book was written for 
English amateurs results in a few items of 
interest. The power limit is lower (150 W 
dc input), the popular band segments are 
slightly different (or in the case of 6 meters, 
quite different—they have 4 meters at 70 
MHz), and some of the terms and compo¬ 
nents are unlike ours. However, these are 
minor and not liable to cause any prob¬ 
lems. The RSGB VHF-UHF Manual, which is 
available for $3.75 postpaid from Communi¬ 
cations Technology, Box 592, Amherst, New 
Hampshire 03031, belongs in the shack of 
every amateur interested in vhf and uhf. 
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SPECTRONICS 

The FM People 


Our 5CX)0 square foot, air conditioned building houses the greatest concentration of 
Motorola mobile gear and odds and ends available anywhere! 

Once in the Chicago area, come out of the Loop, West on Congress and/or Eisen¬ 
hower Expressway 1-90 to Harlem Ave. III. 43 (exit center rather than right) turn left or 
south about 100 feet, left again or east, about three short blocks. 

If you still can't make it to our place then use the phone and call Art Housholder 
(K9TRG) and he will knock himself out to find what you need and get it shipped off to you. 

To receive our current listings of Motorola equipment please write today. We sell to 
Amateurs onlyl All equipment sold as is F.O.B. Oak Park, Illinois. 


PT300 


HT200 


XMITTER BOARDS ONLY 
JUST ARRIVED, NEW BATCH 
OF THE FOLLOWING 


NTD 6031 AA 

6052 AA-B&C 
6071 AB&AA 
6073 AC&AA 

6082 AA 

6083 AD 

6092 AC&AA 

6093 AA&AD 

6102 AA 

6103 AA&A 
6113 A&AA 


FIRST COME FIRST SERVED 


SOME 2 FREQ. — SOME W/PL CIRCUITRY 
SOME 136-150.8 — SOME 150.8-170 
SOME TO DRIVE THE PT-AMP 
SOME PT AMPLIFIERS AVAILABLE 


SPECTRONICS, INC. 

The FM People 

1009 Garfield St. • Oak Park, III. 60304 

Phone: Area Code 312-848-6778 

Closed Sundays, Mondays and Holidays 
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hot-carrier diodes 

Molomld Scmiconduclor reccnily an¬ 
nounced a hol-carncr diode designed pri¬ 
marily for uhf mixer and deteclor applica¬ 
tions, but also suitable for fast switching cir¬ 
cuits, Tbe new hot-carrier diode, MBD101, is 
supplied in an inexpensive plastic package 
and sells for $.8‘J cents each in small quanti¬ 
ties. The new MBD101 features low noise 
figure— 7 dB maximum at 1 GHz, as well as 
very low capacitance and high forward con¬ 
ductance. This new diode should be very in¬ 
teresting to amateurs who would like to try 
hot-carrier diodes but have been unable to 
obtain suitable devices. 

The Hewlett-Packard type 28(K) hot-carrier 
diodes are now available for 90f each post¬ 
paid from HAL Devices, Box .365, Urbana, 
Illinois 61801. These are the diodes used in 
the three hot-carrier diode projects in the 
October 1969 issue of ham radio. 

iow-cost lasers 



If you're interested in trying your hand at 
laser communications, holography, interfer¬ 
ometry or spectroscopy, suitable lasers arc 
now available at very reasonable prices. The 
model 301 helium-neon gas laser from Quan¬ 
tum Physics, Inc., for example, is available in 
kit form or fully assembled. This laser pro¬ 
duces 1 mW of Uniphase radiation in the 
red-orange portion of the optical spectrum. 
The model 301 features a long-life cold- 
cathode plasma tube with an integral mirror 
mounter and integral power supply. 

While the ImW output power is consid¬ 
ered well below the safe range, this laser is 
not a toy, but a sophisticated instrument 
that is suitable for many laser experiments. 
Because the laser chassis and power supply 


are prefabricated, the kit, which includes a 
prealigned laser tube and all mounting 
hardware, can easily be assembled in a few 
hours. Complete kit is $170; professionally 
assembled, $225. Larger 3 mW and 10 mW 
gas lasers available. Quantum Physics, Inc., 
1295 Forgewood Avenue, Sunnyvale, Cali¬ 
fornia 94086. 



Another entry into the low-cost laser mar¬ 
ket is the 0.5 mW Metrologic model 310, 
which was designed with the experimenter 
in mind. The model 310 operates in the 
orange-red portion of the visible spectrum, 
and emits about 0.5mW with a mean diver¬ 
gence of 0.5 milliradian. This instrument is 
ruggedly built and easy to take apart and 
reassemble. The price of the model 310 is 
$99.50. For more information, write to Met- 
rologic Instruments, Inc., 140 Harding Ave¬ 
nue, Bellmawr, New jersey 08030. 

low-resistance 

measurements 

A new low-cost meter attachment capa¬ 
ble of converting the Amphenol Millivolt 
Commander (and other 10-ohm centerscale 
meters) into a low-range ohmmeter has 
been announced. This new accessory is es¬ 
pecially valuable for checking low value 
dropping resistors in solid-stale supplies as 
well as for testing transformerless transis¬ 
torized audio power amplifiers where the 
output resistance is typically in the 0.4- to 
0.6-ohm range. The current is limited to 
100 mA across 1 ohm, so the device under 
lest is fully protected against accidental 
burnout. Price of the new Amphenol 870-3 
milliohm meter attachment is $14.95. For 
more information, write to Amphenol Dis¬ 
tributor Division, 2875 5. 25th Avenue, 
Broadview, Illinois 60153. 
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Sales to Licensed Amateurs Only 


MOTOROLA 60 WATT FOUR CHANNEL 
150MC MOBILES 

MODEL T53-GJV 6/12 volt. These units are 
exceptionally clean and in mint condition. 
They are complete with 4 freq. control head, 
cables, mike, speaker. Xmtr • narrow band, 
rcvr is wide band. Less crystal ovens & ant. 

Only $175.00 ea. 


G.E. PROGRESS LINE • 150 me - 60 WATT • 
FOUR FREQUENCY • MA/E-36. These are 
also very clean and in mint condition. Com¬ 
plete with all access., less crystals & ant. 

$225.00 ea. 

MOTOROLA 150 me transls- 
torized poeket pager reeeiver. 
H03ANC-1102AQ. Excellent 
cond., less battery. $34.95 ea. 


T53-OJV 

MOTOROLA "HT" series 
Handi-Talkies. 150MC. Prices 
vary according to model: 
standard, universal, 1 freq., 
2 freq., P.L., etc. 


G.E. PROG. LINE, 30-54MC, 6/12 volt, 60 
watt. Complete with all accessories Oess 
Ant). Single freq. $100.00 ea.. Dual freq. 
$110.00 ea., Four freq., $130.00 ea. 


DIGITAL DECODER, Secode RPD 634. 


$19.95 ea. w——— 

NICAD batterys for "HT" series Handi- 

Talkies, NLN 6238, untested. $3.00 ea. 

Nicads for Hll, H13 pocket transmitters, 
NLN 6117A . $4.95 pr, 


MOTOROLA Handl-Talkles, ISOmc, 1 watt 
out, fully transistorized rcvr, checked out & 
operating. W/nicad battery. H23BAM. 

$69.50 ea. 


MOTOROLA 150 me Handi-Talkies, guaran 
teed operating, less mike & batteries. 

FPTRUL $19.95 ea 


MOTOROU MOBILE TELEPHONE test set 
TEK22. (list price-$550.00) like new. 

$180.00 ea. 


MOTOROLA 150 me receiver strips, very 

clean, 6v ..$25.00 ea. 

30 Watt xmtr strips, 6v. $20.00 ea. 


MOTOROLA CHARGER for Hll, 
H13 pocket xmtrs, 
NLN6121A. 
$9.95 ea. 


MOTOROLA transistorized "Big Voice' 
speakers .. .$1J 


MOTOROLA power supply, NPN 6023A for 
ir P31, P33BAC, L/batteries...$4.95 ea. 

SATISFACTION GUARANTEED OR YOUR MONEY BACK! 

AM equipment unless stated otherwise Is complete and guaranteed. Items over 20 pounds 
shipped freight charges collect. Include sufficient postage for other items. 25% deposit 
required on c.o.d. orders. Michigan residents add 4% sales tax. We have a very large 
stock of FM equipment, hovrever no catalogs or list available. Tell us what you are looking 
for, we may have it. Prices subiect to change without notice. 

NEWSOME ELECTRONICS 

hours: by appointment only 
19673 ALLEN ROAD • TRENTON, MICHIGAN 48183 
PHONE: 313-282-6464 
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GET YOUR NEW 
ISSUES NOW! 

Over 290.000 QTHs in 
the U.S. edition $7.95 

Over 140,000 QTHs in 
y the DX edition $5.95 

: \ MEW EDITION EVERY: 
MARCH 1 - SEPT. 1 
JUNE 1 - DEC. 1 


These valusbie EXTRA features included In both editions! 

• asi Manaters Around the • Radis Amateurs' Preliies 

World! b; Countries! 

• Census el Radis Amateurs » A.R.R.l. Phonetic Aiphabet! 

tbrouthout the »erld! , H,,,,, -j, goy! 

• cfass!*™***"”' *■’'*"** • *«*ri«fs! 

. WoVid Prefi. Map! • 

s International Radis Inlormatisn. 

Amateur Prefixes • Plus much more! 

See your favorite dealer or order direct (add 25< for mallln* 
In U.S.. Possessions A Canada. Elsewhere add SOC). 


•• *l.io. 'naiij 


t. 


radio amateur 


GEM-QUAD FIBRE - GLASS 

ANTENNA FOR 10. 15. and 20 METERS. 


Two Elements $77.73 

Extra Elements $45.00 ea. 
Shipped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 

• SPIDER 

• ARMS 

• WIRE 

• BALUN KIT 

• BOOM WHERE NEEDED 


SEE Ol’R FULL PACE IS JUSE ISSUE 

Buy two etements nou) — a third ond fourth 
may be added later with little effort. 

Enjoy optimum forward gain on DX, with a 
maximum back to frorw ratio and excelletU tide 
ditcnmirwtion 

Get a maximum ttructural rtrengfh with low 
weight, using our “Trideti^' armt. 


MANITOBA DESIGN INSTITUTE 
AWARD WINNER 


RADIO AMATEUR 


WflTB FOR 
FRFF 

BKOCHUH! 




20 Burnett Avenue. Winnepeg 16, Manitoba, Canada 


Dept. E. 925 Sherwood Drive 
Lake Blutf, 111.60044 
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flea 

market 


I 


1$ o o GUI 


■ RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 


■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceding month. 


■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 


NEW JERSEY'S largest Ham auction Friday, April 3, 
1970, sponsored by the Key Klickers o( Stirling. 
Watch for further details. 


1916 QSTS wanted. Especially May and June. Any 
unreasonable price paid! Ted Dames, W2KUW. 308 
Hickory Street, Arlington, N. J. 07032. 


SAROC: new QTH Stardust Hotel, new QTR February 
4-8. 1970. Cocktail parties hosted by Ham Radio Mag¬ 
azine, Swan and Galaxy. For additional information 
and Stardust Hotel special SAROC room rate card 
QSP SASE SAROC. Box 73. Boulder City. NV 89005. 


ANNUAL ST. PATRICK'S DAY SWAPFEST. Midland 
Amateur Radio Club, March 14th and 15th. Write 
MARC, Box 967, Midland, Texas 79701 for details. 


THE EAST COAST VHF Societies annual Dinner will be 
held Saturday, March 21, 1970, at the Neptune Inn, 
Route 4. Paramus, N. J.. at 7:00 p.m. W4FJ. Ted 
Mathewson will talk on "VHF ' Past, Present, and 
Future". Awards will be given by WIHDQ, Ed Tilton. 
Including awards for highest single and multi-operator 
station in the September VHF contest. Menu will be 
Prime Ribs of Beef and tickets are $7.50. Group 
reservations available in blocks of 5 to 10. Ticket 
deadline is Wednesday. March 11th. Write the East 
Coast VHF Society (WA2WEB). P. O. Box 1263, Pater¬ 
son, N. J. 07509. 


DO YOU KNOW about the RSGB7 See page 75. 


SAVE. On alt makes of new and used equipment. 
Write or call Bob Grimes. 89 Aspen Road. Swampscott, 
Massachusetts, 617-598-2530 for the gear u want at 
the prices u want to pay. 


NORTHERN CALIFORNIA Hams: Best deals — new 
and reconditioned equipment. Write or stop for free 
estimate. The Wireless Shop, 1305 Tennessee, Vallejo. 
California 94590. 


LIKE WASHINGTON we can't tell a lie. You'll have a 
ball at the ARRL Hudson Division Convention. October 
17-18, Hilton Motor Inn. Tarrytown, N, Y. Exhibits. 
Lectures, Contests, Gabfests, New York Sightseeing, 
Fun. HonestI Hudson Amateur Radio Council, Box 58, 
Central Isllp, N. Y. 11722 has all the dope. 


WORLD RADIO has used gear with trial-guarantee- 
termsi 99'er - $79.95; 910A - $179.95; SR150 - $299.95; 
HWIO - $129.95; HW32 - $89.95: Swan 400/420 - 
$299.95: Swan 250 - $229.95: DuoBander 84 - $109.95: 
753 - $129.95; NC200 - $249.95; SB33 - $199.95; 
Galaxy Vmk2 - $279.95; Ranger 2 - $149.95: 200V - 
$399.95. Free "blue-book" list for more. Write 
WORLD RADIO, 3415 West Broadway, Council Bluffs, 
Iowa 51501. 


TUBES — Lowest World price. Foreign-American. 
Obsolete, current. Receiving, Special Purpose, Trans¬ 
mitting tubes. Send for tube and parts catalog. 
United Radio Company, 56-HR Ferry Street, Newark. 
New Jersey 07105. 


23rd ANNUAL LAWTON-FORT-SILL A.R.C. Hamfest 
will be held on Sunday, February 22, 1970 at the 
Lawton National Guard Armory. For more information 
and reservations write the club at its P. O. Box 892, 
Lawton, Oklahoma 73501. 


ROCHESTER, N. Y. Is again Hamfest, VHF meet and 
flea market headquarters for largest event in north- 
eest. May 16. 1970. Write WNY Hamfest. P. O. Box 
1388. Rochester. N. Y. 14603. 


NEW RULES for the ECVHF Society Inc. Certificate 
(Achievement) Award for working Members of the 
Club. Work Club Station WA2WEB plus four Members, 
or work Five Members on any one Band 50 MHZ 
and above. Send list to; George Kupp. 61 Cortlandt 
Street. Belleville. N. J. 07109. NO CHARGE. For 
Membership list send S.A.S.E. 


HOT CARRIER DIODES. New HP 2800, 90c. 12/$10 pp. 
HAL Devices. Box 36SH, Urbane, Illinois 61801. 


FOR SALE: FACTORY SEALED; 30L-1, 312B-4. 312B-5, 
5ieF-2, 75S3-B; 10% off (no trades). 30L-1. $385. 
Waters #334 dummy load/wattmatar, $70. R-390-A. 

cabinet $750. HW-12-A. Drake Filter. Mike. HP-13. 

$125. Eldico SSB-IOO-F Exciter. $250: SSB-IOOO-F 
Linear with new spare 4CX-3(X)-A's, $250. KWM-2. 
PM-2. $775. R4-A (factory up-dated 9/69), In factory- 
sealed carton, $325. MN-2000. $145. DC-3. $75. R4-B. 
T4X-B, AC-4, MS-4. $695. Waters "Codax" Keyer, $50. 
Waters d3002 Hybrid Coupler, $50. Johnson #250-20 
Filter. $9. KWM-l, 516F-1, $225. Bird wattmeter, 
model 693, $100. Stancor p.6468 (5VCT/30 amps). 
$9. P-6309 (6.3VCT/20 amps), $8. P-3060 (2.5VCT/10 
amps, 10 KV ins), $4. Power supply (UTC “CG" 
components), 115/220 input. 2500 VDC (9 4(X) MA 
output, $35. HA-1 Keyer and Vibrokeyer, $70. Vibro- 
plex Key, $10. P&H LA-500-M "Spitfire" Linear, new, 
$75. Comdel CSP-11, $75. SB-200/new spare T-160-L's 
$200. KW Match-box with meter/indicator, $135. 
KWM-2 #15750, 516F-2. (very latest!). $875, Trans 
former, 115/220 input; 12/24V 9 60/30 amps. These 
are FB for building P S. around Leace-Navllle alter¬ 
nator (to run 1 K, W. Mobilel). 3/$50. James W. 
Craig, WIFBG, 29 Sherburne Avenue. Portsmouth. 
New Hempshire 03801. 


THE 3rd ANNUAL BLOSSOMLAND Amateur Radio 
Auction will be held Sunday, March 15. 1970 at the 
Youth Memorial Building, Berrien County Fairgrounds, 
one mile northwest of beautiful downtown Berrien 
Springs, Michigan. Free parking, hot food, prizes, 
swap tables. 


INTEGRATED CIRCUITS; New Fairchield Micrologic, 
epoxy TO-5 package. 900 buffer. 914 gate. 60C each. 
923 J-K flip-Rop, 90<‘ each. Guaranteed Add 15c 
postage. HAL Devices. Box 36SH, Urbana, Illinois 
61801 


8th ANNUAL WCRA MIDWINTER HAMFEST February 
15, 1970 at Du Page County Fair Grounds. Manchester 
Road. Wheaton, Illinois. Open 9:00 a.m. to 4:00 p.m. 
Tickets $1.50 at the Door, Some space available for 
your own table. For further Information write, P. O. 
Box QSL. Wheaton. Illinois. 


GREENE DIPOLE CENTER INSULATOR ... see ad 
page 96, September 1969 Ham Radio. 
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These units will replace the 100 kHz calibrator built into most receivers. Using 
your 100 kHz crystal this unit will provide sharp accurate markers with readouts 
at 100 • 50 • 25 - 10 and 5 kHz usable thru 50 MHz. Keep your receiver calibrated 
at all times, locate sub bands, MARS frequencies and band edges. 


Fraquancy markar, lata cablnat and twitch 

Spacificattont: Glati Epoxy Board. Adjuttmant 
to zaro baat with WWV. Uiat 100 KHz crystal 
(not tuppllad). 3 to 4 VDC. Compact — 1.75 x 
3.75 inchas. Install anywharal 

‘=Ts"s'a*.^'bW $16.50 $19.95 


SELF-CONTAINED UNIT 

Th« TBL 1 Marker Is a completa unit Includ* 
ing the circuit board shown at laft and powarad 
with 3 *’C*' typa flashlight batterias. Maraly 
connact to your racalvar antanna — no Intarnal 
wiring nacassary. A front panal control allows 
zero baat with WWV. 

Spacial introductory prica tOQ QR 
Lass crystal and battarias vfcw.uJ 

POSTPAID U.S.A. 

SOLD WITH MONEY BACK GUARANTEE 


SWITCH $1.00 CRYSTAL $3.50 

with purchase of any of above 

THE RADIO SHOP, LAB 1 

48 ELM STREET, NEW CANAAN, CONN. 06840 — T.I. 203-966-3553 



I Rzdio Amateur! 
r. Reference Library 
j ol Maps and Atlas 


WORLD PREFIX MAP - Full Color. 40* « 28*. shows 
prefixas on each country . . OX zonas. time /ones, 
cities, cross referenced tables postpatd $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD ~ from the center of the United States! Full 
color, 30' X 25*. listing Great Circit bearings in de¬ 
grees for SIX maior U.S. cities; Boston. Washington. 
D.C.. Miami. Seattle. San Francisco A Los Angeles. 

postpaid $1.00 

RADIO AMATEURS MAP OF NORTH AMERICAl Full 
color. 30' X 25' — includes Central America and the 
Caribbean to tha equator, showing call areas, zone 
boundaries, prefixes and lime zones. FCC frequency 
chart, plus Informative information on each of the 50 
United Stales and other Countries postpaid $1.00 
WORLD ATLAS — Only atlas compiled for radio ama 
teurs. Packed with world-wide information -> includes 
11 maps, in 4 colors with zone boundaries and coun¬ 
try prefixes on each map. Atso includes a polar pro¬ 
tection map of the world plus a map of the Antarctica 
a complete set of maps of the world. 20 pages, 
size 8>^' X 12' postpaid $2.00 

Complete reference library of maps — set of 4 as listed 

above . . postpaid $3.00 

See your favorite dealer or order direct. 


calibookiNc 

Dept. E. 925 Sherwood Drive 
Lake BluH, III. 60044 


SPACE AGE KEYER 


Only 

$ 67.50 



• Planar tpilaxial lnl»grol»d tireulH for roll- 
ability. No tuboi—No toparolo traniidort. 

• Procision foathor-louch key buill-in, 

• Fully digital—Dot-dath ratio alwayx por- 
foct. 

• No polarity probloms—Floating conladf 
iwitch —3(i0-V @ 100-ma. 

o Ruggod <olid conttruclion—will not walk. 

• Send QSL or pottcard for froo brochure. 


l>JtLOIVIJtR 

ENGINEERS 

BOX 455, ESCONDIDO, CAL. 92025 
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MANITOGA CENTENNIAL AWARD 1B70 • 1970. The 
Amateur Radio League of Manitoba will present cer* 
tificate awards to amateurs submitting proof of the 
requisite contacts with Amateur Radio Stations in 
Manitoba. RULES: Contacts must be after December 
31st. 1969. Contestants must accumulate 100 points. 
W/K, XE and VE stations receive two points per 
contact. Other stations five points per contact. A 
contact consists of Exchanging signal reports. Con¬ 
tacts may be made on each band. Cross-mode 
contacts not allowed. Two members of the Amateur 
Radio League of Manitoba will be designated "Bonus 
Hams" each month. Contacts with them will be 
worth double points. Contestants should send a copy 
of their log and two I.R.C. to: Mr. J. N. Knowles. 
VE4JK. P. 0. Box 365. Carman, Manitoba. Canada. 


INDIANA. The Lake County Amateur Radio Club. Inc., 
announces its 17th Annual Banquet to be held at 
Telbel's Restaurant, U. S. 30 and 41 (near Schererville, 
Ind.) at 6:30 p.m., CST, February 14. Chicken dinner, 
entertainment, speeches. Come with your wife or 
girl friend. Tickets $5.(X) each from Herbert S. Brier, 
W9EGQ. 385 Johnson Street. Gary, Indiana 46402. 
Positively no tickets sold at the door. 


SWAN 250 with 117XC AC supply. VOX unit. 100 kc 
calibrator $325. 6M. Gonset sidewinder 910B with 

AC supply $250. Gonset COMM 111 6 meters $130. 
Gonset COMM IV 6 meters $155. Gonset VHF VFO 
^3357 $50. Heathkit HR-lOB ham band rcvr. $60. 
Globe King 500A (4 ft rack) 500 watt AM & CW xmtr. 
$1.50. Glooe DSB 100 $35. Hallicrafters gen. coverage 
rcvr. SX71 $90. Hallicrafters military R-44/ARR S 
rcvr. 28-146 megs with AC supply $75. All equipment 
is in mint condition and works excellent. You pay 
shipping. Tom Dittrich, WB2LZD, 249 Meadow Lane. 
Vestal. Ttew York 13850. 


NOVICE CRYSTALS: 40-15M $1.33, 80M $1.83. Free 
flyer. Nat Stinnette Electronics. Umatilla, Fla. 32784. 


HAMMARLUND SUPER-PRO BC-779-8 in working order. 
Rack mounting model less cabinet. Includes power 
supply. Covers 200*400 kc. 2.5 to 20 me. Only $75. 
Hallicrafters S‘40B & S-20R receivers both in good 
condition. S40B $40: S-20R $25. All prices fob my 
shack. WIDHZ. Box 185, Amherst. N H. 03031. 
Phone 603-673-4885. 


HW32, latest factory modification: mike, mounting 
bracket. Hustler 20M coil section $90. HP23. $40. 

GE transistorized mobile supply for FM transceiver. 
Real buy at $40. Budd Meyer, 10510 65th Avenue. 
Forest Hills, N. Y. 11375. 


MOTOROLA 450 MHz BRICK'S. H24 OCN'S two fq^. 
xmtr. & reevr. working 184.50. H23 DEN'S HT200 

low range 132 to 150 MHz 1S9.50. Topeka FM En¬ 
gineering. 3501 Croco Road. Topeka. Kansas 66605. 
913 266-8771. 


HALLICRAFTERS SX-110, excellent condition. Best 
offer. Raymond Martin, Greenville. N. H. 03048. 
Phone 603-878-2758. 


TOROIDS. 88 or 44 mhy., center tapped, not potted, 
5/$2.00 POSTPAID. NOTEII 40/$10.00 POSTPAID. Model 
32KSR page printer on pedestal, complete 60 or 100 
speed printer, little used . . . $200. FRXDIO typing 
reperforator with TD on same base $25. Model 19 set 
$95. Model 14TD sync motor $18. MXD three head 
TD $35. Tape winder $6. Oiled reperforator tape 
$3/box/10 or $10/case/40 rolls. FACSIMILE paper 
(12'' X 19") 250 sheet package $4. Double squirrel 
cage blower (llOVAC 60 cycle) silent type $5. RCA 
CV57/URR terminal unit $85. New Clegg 66er trans¬ 
ceiver $150. WANTED: Ham M rotor. Stamp for list. 
Van. W2DLT, 302H Passaic Avenue. Stirling. N. J. 
07980. 


HALLICRAFTERS SR400 transceiver. HA20 DX adapter 
(outboard vfo with swr meter). P500 ac power supply. 
1'4 years old. mint condition. $800. Used as second 
station, never mobile, must sell. Box C. Ham Radio. 
Greenville. N. H. 03048. or call (617)762-5863. 


CHICAGO Suburban Radio Association annual Ham- 
boree on March 22nd at East Avenue and 55th Street. 
Countryside. (La Grange), Illinois. Flea Market and 
prizes For further information contact Wilson Thomas. 
W9KWA. 4017 Vernon Ave., Brookfield. III. 60513. 
Phone: (312) HU 5-0451. 



1C Stereo Decoder Uses 
Miller High Q Coils 


A monolithic inlcRrali'cl fM Mi-rc'o decotlcr 
system (levelopod hy Motorola provides 
excellent ihannel separation, Rood ultra¬ 
sonic re)ection and low llll) content at the 
output. 



Write for (>-|)aBe "C (ill Forum " 
construction article 

J.W. MILLER COMPANY 

19070 Reves Ave • I’ (). Box 5825 
Compton, California ‘K)224 


AVAIlAHlt NAttONWttJI I KOM UtSTRIBUTOKS 



Home 
training in 

AMATEUR 

RADIO 


NIU. leader in Communications, Television. Elcc« 
tronica and TV>Kadio home training, now offers the 
first in Amateur Radio courses, designed to prepare 
you for the FCC Amateur License you want or need. 

Don't lose your favorite frequency 

The FCC hat said "either^or" on licencing, but to 
pntui Advanced and Kxtra Class exams, you need 
the technical guidance as offered by NKI. NKI 
Advanced Amateur Radio is for the ham who already 
has a <*eneral. Conditional or Tech Class ticket. 
Basic Amateur Radio la for the beginner and in¬ 
cludes transmitter. .1-band receiver, cfrde —.. 
practice equipment. Three training plana ^ 
offered. Get all the facts. Mail coupon. No ’ 

obligation. No salf^sman will call on you. 

NATIONAL RADIO INSTITUTK, Wash- _/ 

ington, D.C. 20016. 

.MAIL NOW . 

NATIONAL RADIO INSTITUTE 46-020 

Washington. D.C. 20016 

Please send me information on Amateur Radio 
training. 

Name_Age_ 

Address__ 

City__ .State_Zip_ 

ACCREOITCD MEMBER NAflONAL HOME STUDY COUNCIL 
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what’s 


NEW 


PROTECTED DUAL GATE MOSFET PREAMP 

— protected from RF overload and static discharge 

— virtually indestructible — more than 18 db gain 

— less than 3 db noise figure — 144 to 148 MHz 

— 6V. to 15V. dc — add $0.50 for other frequencies 

HF-1440GK kit net $9.50 HF-144DGW wired 


net $14.50 


ALSO AVAILABLE FOR MOTOROLA MOTRACS 

— same specs as above — complete with all hardware and RF jumpers 

— wired only net list 

HF144ML 144 to 148 MHz $15.50 

HF-144MM 148 to 160 MHz $16.50 $22.50 

HF-144MH 160 to 174 MHz $16.50 $22.50 

SINGLE GATE MOSFET PREAMP 

— less than 3 db noise figure — 17 db gain 

HF-144K kit net $6.50 HF-144W wired net $10.95 

HF-144PK receiver B+ to 12V. dc $1.25 
PLEASE INCLUDE $0.60 FOR SHIPPING — 1 to 3 ITEMS 

Topeka FM Engineering 

3501 Croco Road Topeka, Kansas 66605 

913 266-8771 


NEED CRYSTALS? 


48 Hr. 

DELIVERY 


\ We can supply crystals 
from 2KHz to 80 MHz in 
many types of holders. 
SPECIALS 


Color TV crytlal (3S79. 54SKH2) wtr« lf«d$ 
lOOKHt froq. sxd. crysUI (HCU/U) 

1000 KHi frcq %\6. cryttol IHC6/U) 

Any CB cry$Ul TR or RCC. 

Any onwneur band crystal Iricopt 80 metm) 
in rr-243 Mdrr$ 

Any marine frequency (HC6/U) 

80 meter — FT*243 hoider$ 


31.60 4 for S5.00 

4 30 

3.50 
2.25 

1.50 or 4 for 35 00 
285 

2.50 


We have In stock over sl« million cnfstals which Include 
types CRIA/AR, FT243, FT241, MC7, Fr249, HC6/U, 
HCI3/U, HC25/U, HCl8/U, etc. Send lOd for our 
1970 caul09 with oscillator circuits, listing thousands 
of frequencies in stock for immediate delivery. (Add lOr 
per crystal to atww prices for shipment 1 st clau mall, 
15c each for air mail). 

Special Quantity Prices to 
■a n wB U II Jobbers and Dealers. 

n ■ 1 t1 ll 1 ORDER DIRECT 

HI J 1 U k H with check or money order 

2400 Crystal Drive 

[ WIIdIMUn Fort Myers, Florida 33901 


HHL- 


DEVICES 


ri HAL 311B 

I 1C KEYER 

$43.50 pp 


Incorfjorating all of the features of the 
HAL 1C keyer line, the 31 IB is the most 
versatile keyer now available. The 31 IB 
offers 

n Transistorized output circuit for both grid 
block and cathode keyed trensmitters. Up 
to 150 V, 500 me. 

n Keyed pulse generator, speed 8-50 mpm. 
n Trensmitter tune-up switch 
n Connection point for straight key 

* Rugged G10 glass PC board construction 
n lambic operation for squeeze keying 

* Dot memory 

n Automatic or semi-automatic operation 

* Monitor with tone and volume controls 

* Regulated 115 VAC power supply 

* Connection point for 3VDC source 

* Beige and Walnut grain Designer Cabinet 


HAL Devices 
P.O. Box 365 H 
Urbana, III. 61801 


Other models available 
from $16.00. Write for 
details and our listing 
of other products. 










WORLD QSL BUREAU — se« 8d page 89. 


TR-4, AC SUPPLY. Best offer. Hand deliver Ohio 
or adjacent states. Gordon Wolford. W88CKP. 318 
South Adams, New Carlisle, Ohio 45344. 


WANTED: Complete construction manual for Heath 
OP-1 Scope. Manual Collins S1M2 VHF receiver. Gil 
Barber. Bo« 3876, No. Las Vegas. Nevada 89030. 


ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic, 3 for $1.00, 10 for $3.00 prepaid. Guar¬ 
anteed. Patented. Free sample to dealers. Tepabco. 
John K4NMT, Box 198R, Gallatin, Tennessee 37066. 


POLICE — FIRE — AIRCRAFT — MARINE Calls on 
your broadcast radio with TUNAVERTER SI Tunable 
— Crystall Brochure. Saleh Company, Woodsboro 
HMC, Texas 78393. 


HELP. I need a good used Collins 310B Exciter. 
National FB7 or FB7X and a National SW-3. All 
letters answered via air mail. Jock White. ZL2GX, 
152 Lytton Road, Gisborne, New Zealand. 


75S3B, LATEST MODEL, with 500Hz filter. $525. 
32S1. mint, $375. 51F2 ac supply. $100. Drake L4 

linear. $475. Comdel CSP-ll, $80. Heathkit SB-610 
monitorscope, $65. Drake W4 swr/wattmeter. $35. 
Eico 717 electronic key with Brown Bros paddle. $40. 
200-ft. new RG-17A/U with type-N connectors. $50. 
80'ft. guyed Rohn Tower, you take it down, $50. 
Cushcraft 3el 20M beam. $b0: 4el 15M beam. $50; 
4el lOM ^am. $35; I'll help take down. Ham-M 
rotator, $60. Fisk. Box 25. Rindge, N. H. 03461. 
(603) 899-5483. 


GE AC SUPPLY ~ Prog Lina. 60 watt. 4EP2F1 or 
similar. Ken Booher, K6JWC. 1421 Williamsburg Rd.. 
Flint. Michigan 48507. 


TOUCHTONE DIAL equivalent from Denmark. Ten but¬ 
ton. convertible to all twelve in a minute with data 
included. Beige, except green and white while they 
last. 12VDC required for oscillator operation. $15.00 
postpaid USA. W6GOD. 6606-5th Street. Rio Linda. 
California 95673. 

MOTOROLA HI-BAND UNITS — 117VAC. 30 watt 
^ have Sensicon Receiver — complete ~ excellent 
condition $85. Have extra 117VAC power supplies 
and xmtr. strips. Write for details. Bob Clark. 
2023 Fair Park. Little Rock. Arkansas 72204. 


FOR SALE: MOTOROLA T44AA UHF 12 volt $35.00. 
Hallicrafters HT-22 $20.00. 8C-224 radio $60.00 

Slims Radio, 2025 Sunkist. Waukesha. Wisconsin 53186. 


TOROIDS 44 and 88 mhy. Unpotted. 5 for $1.50 ppd. 
W. Weinschenker. Box 353. Irwin. Pa. 15642. 


QSL'S — BROWNIE W3CJI — 3111B Lehigh. Allen¬ 
town. Pa. 18103. Samples 10<. Cut catalogue 25^. 


QSLS. SECOND TO NONE. Same day service. 
Samples airmailed 25<. Ray, K7HLR. Box 331, 
Clearfield. Utah 84015. 


RAGS HAMFEST. Syracuse, New York. April 12. 1970 
at Song Mountain. Box 88. Liverpool. New York 13088. 


DAYTON HAMVENTION April 25. 1970: Sponsored by 
Dayton Amateur Radio Association for the 19th year. 
Technical sessions, exhibits and hidden transmitter 
hunt. An interesting ladies program for XYL. For 
information watch ads or write Dayton Hamvention. 
Dept. H. Box 44. Dayton, Ohio 45401. 


DEALERS AMATEUR-CB. Now is the opportunity for 
you to make money selling new full warranty major 
line equipment and accessories. Send letterhead 
for list c/o Robert Weaver. WA5UUK, Madison 
Electronics. 1508 McKinney. Houston. Texas 77002. 
(713) 224-2668. 


WANTED: Old copies of R9 magazine for private 
collection. WIOTY. Box 25. Rindge. N. H. 03461. 


YOUR AD belongs here too. Commercial ads 25<' par 
word. Non-commercial ads lOf per word. Commercial 
advertisers write for special discounts for standing 
ads not changed each month. 


THE BEST 

2 METER 



CONVERTER 


Model 407 
$39.95 

\ ppd. 


144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 
available for $4.95 extra 
A full description nf this fantastic ct'nverter 
would All this paxe. but vuii can take our word 
for it (or those of hundreds of satisfied users) 
that it’s the best. The reason is simple — we use 
three RC'A dual gale MOSKETs, »>ne bipolar, and 
3 diiKles in the l>est circuit ever. Still not c«m- 
vinced? Then send for our free catalog and get 
(he full description, plus photos and even the 
schematic. 


Can't wait? Then send us a p*»slal money order 
for $34.9.5 and we'll rush the 407 out to you. 
NOTE: The Model 407 is also available in any 


fretiuency combination up to 450 MHz (son.e at 
higher prices) as ti.sted in our catalog. New York 
and State residents add local sales tax. 


VANGUARD LABS 

Dapt. R, 196-23 Jamaica Ava., HollK, N.Y. 11423 
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FERRITE BEADS .175 i .175 ' = 900 With Spec 

Sheet $ Applicetion Notes Pkq of 17. S2 00 
KILOWAH TOROID BALUN KIT: Still only S5.00 
EXPERIMENTER S 7 CORE TOROID KIT—Thls famous 
kis contains cores, wiro, end charts so that you can 
make your own high (^ modern inductors for hun¬ 
dreds of practical applications : $1 SO 

MINIMUM ORDER: $1.00 
Please Add 25c per order 
for Pocking & Shipping 

AMIDON ASSOCIATES 

12033 Otseqo Street 
North Hollywood. Calif. 91607 
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18 ^ edition of 

THE WORLD FAMOUS 



Radb Handbook 


Only 

$13.50 postpaid 


* The biggest selling book for the 
amateur and engineer market! 




•updated! 


Over 600 pages tells how to design, build, 
and operate the latest types of amateur 
transmitters, receivers, transceivers, 
amplifiers, and test equipment... 

SSB Equipment... RTTY Circuits 
and Semiconductor Circuits. 

Prowldet a Complete Understanding ol: 

• Clfcurtt af ntwtit davtlapment 

• Tttt tqwipincnl 

• Anlannat 

• Radio Maltetmjlict 

• Industrial and MihUry titciraniet 


FOR DELIVERY EARLY IN 1970 


ORDER TODAY 
from 


book division 



Box 592 • Amherst, New Hampshire 03031 
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Send perfect morse code from 5 to 50 
words per minute. Excellent to build up your 
code speed —• anyone can send practice code. 

• Self-completing characters with auto¬ 
matic character spacing. 

• Precision kit includes all parts, such 
as metal case and printed circuit 
boards, and detailed. Illustrated in¬ 
structions. 

• Pre-assembled keyboard with stand¬ 
ard type-writer key arrangement and 
spacing. 

• Self-contained battery operated — 
two standard '‘D" cells. All solid 
state. 

• Built-in sidetone and speaker, fast 
acting relay output. 

Basic Pro-Kay Kit_ $149.50 pp 

Added Buffer Storage Kit .... $34.50 pp 

Micro-Z Co. 

Box 2426 Rolling Hills. Cslif. 90274 


W2AU BALUN LETS ENTIRE 
ANTENNA RADIATE! 


ANTDMAnnnN 


Now 

Stainless 

hardware 



STOP WASTING YOUR SiGNAtl 
RrMTMBER. YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE or GEAR YOU OWN 
' No Radiation from Coa* 

- No Center Insulator Needed 

- Perfect for Inverted Vee*« 
(Use Hang up Hook) 

' Buill-ln Lightning arrester 
Broad Band 3 to 40 me 
Takes Legal Power Limit and 
then some 
’ Two Models: 

1:1 so ohm coaa to 50 ohm 
balanced 

4-1 75 ohm coav to 300 ohm 
balanced 

A must for Inverted Vees. 
Doublets. Quads. Yagis and 
Multiple Dipoles 


$12.95 ' 

le QST and May 
for more details 


AMATEUR 

NET 


W?AU Complete preluned Eiberglas Quad $99.95 

W7AU Complete pretuned Vinyl Quad $64.95 

UNAOILLA RADIATION PRODUCTS 
UnadillB. N Y 13849 607 369-2985 


WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 
Allendale, New Jersey 07401 


WORLD QSL BUREAU 

5200 Panama Ave. 
Richmond, Calif. U.S.A. 94804 

PLAN 1 

We forward your QSLs (please arrange alpha¬ 
betically) to or within U. S. A.. Canada and 
Mexico for 3< each, and to all other places in 
World for At each. 

PLAN 2 

You use our special log form and send us a 
copy. Wo supply QSL — moke out QSL — 
deliver QSL. all for 8f each. 

WRITE FOR FREE INFORMATION SHEET 



Reads output and reflected power simulta¬ 
neously. May be left in line up to 2000 watts. 
Low insertion loss. Size 5x2x2. Good to 
175 Mhz. PRICE $15.95, FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 

1508 McKINNEY — HOUSTON, TEXAS 77002 
(713) 224-2668 



e/re: 


The performance line . . . 
with a material difference! 


PREFERRED AND SPECIFIED WDRLD WIDE BY 
COMMUNICATION ENGINEERS AND ADVANCED AMATEURS 

Don't settle for anything less than the veiy best! Use Telrez Communica¬ 
tion products — for long lasting optimum performance and value! 

FREE . . Tech data and pricing catalogs describing off-the-shelf and cus¬ 
tom-built antennas, systems "inverted-vee klts"^. towers, mono-poles 


tom-built antennas, systems, 'inverted-vee kits 
and rotabte "6erthas'\ 


For commercial and military applications write for CM69 . 
applications write for PL69. 


Cdmrmmicaf^ 

^ t Bngintsnng 

Ltihorxstori^t 


ASBURY PARK. 

NFW iERSLY 07712. U.SA. 
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Regul. Pwr Sply for Command, LM, Etc. 

PP-1%/U: Melcrnt. Ktwti-adiusUblc 90-270 « tip lo 60 
nu dc; also seiKt an AC of 6.3 « 5A, or 12.6 « 2Vb A 
or 28 V 2Vb A. With mating output plug & 4 n en 

all tKh. dau. Shpg. wt. 50 lb. 19.jU 

BARGAINS WHICH THE ABOVE WILL POWER: 

LM-C) Frog. Motor: .125-20 mte, .01%, CW or AM, 
with lorial-matchod callb. booli. toch data, mating plug. 
Choclird & grid. 57.50 

TS-323 Frog. Motor: Similar to abow but 20-480 mhi. 
.001%. With data. 169.50 

A.R.C. RllA: Modorn Q-5'or 190-550 khi 12.95 

A R C. R22 : 540-1600 khi w/tuning graph 17.M 

A.R.C. R13B: 108-132 mho w/tunIng graph 27.50 

High-Sensitivity Wide-Band Receiver 

COMMUNICATIONS ... BUG DETECTION 
SPECTRUM STUDIES 

38*1000 MHZ: AN/ALR>5 consists of a bra'id*new Tuner/ 
Converter CV*253/ALR In ori 9 inal factory pack and an esc. 
used, checked OK & 9 rtd. main rcvr R-444 modified for 
120 V, 50/60 ht. The tuner covers the ran 9 e in 4 bands 
and each band has its own Ant. Input plug (type N). 
Packed with each tuner is the factory checkout sheet The one 
we opened showed SENSITIVITY: 1.1 uv at 28 2 mhe, 0.9 at 
133 mhi, 5 at 538 mhi, at 778 mhx, 7 at 1 ghx. 
The rcvr. is actually a 30 mhe IF ampl. with alt that 
follows an IF, including an S meter. Has Pan, Video & AF 
outouts. Has a calibrated attenuator in 6 db steps to 
—74 db, also AVC position. SeiKt pass of —200 khz 
or -2 mhz. AND SELECT AM OR FM? We A-yc nn 
furnish Handbook & pwr^input plug, all for Z/u.UU 

5P*600*JX(*) Rcvr; 0.54<54 mhz. the popular late-type 
Hammarlund Super-Pro. aligned, grid, exc. aac rtis 
physical cond. toe, w/book. OZO.UU 

R-390/URR Rcvr: Collins xtl-syntheslzlng 7QC nn 
dirftless receiver, grid 100% perfect /3u.UU 

Versatile Plate & Filam. Transformer 

Depot Spares for SP-600-JX: Pri. 95/105/117/130/ 
190/210/234/260 v 50/60 hr Sec. 1: 305-0-305 v, 
150 ma. Sec. 2: 5 V 3 A. Sec. 3: 6.3 v 5A. Sec 4* 
7Vi V, 3/4 A Sec. 5: 7 ^ v, 1>4 a. 

Legend for pins is plainly mark^. Nerm. a ac 

sealed. Z.95 


We probably have the best inventory of good lab test 
equipment in the country. Scopes, Signal Generators, 
VTVM's, DVM's, RFi Meten, etc., etc. But, please do 
not ask for catalog! Ask for specific items or kinds of 
items you need! We also buy! What do you have? Right 
now we need some Beckman #7370 Counters, for example. 


R. E. GOODHEART CO. INC. 

Box 1220-HR. Beverly Hills, Calif. 90213 

Tel: Area 213, office 272-5707, messages 275-5342 


NpwI " 

^ w • «• o m proNNor 

— Increase Islk power draiticilly! 

— lotlallt iotrmilly • Alwtys with yoa • 

fixed ■ Mobile - DXpeJitionIng! 

— Works with Phone Patch 
— Pally wired -not a kit 

No Holes 15 mio. mslAilotioa in 

HWlOO, SBIOl, SB40I tod others 
— Full year wairuty - free literatare 

Electronics 

$24. ® BOX 1801 

POSTPAID CHAMPAISN, IL 6I«20 


GET MONEY 

Guaranteed top money for any piece of surplus 
equipment. Payment in 24 hours. We also pay ship, 
ping, insurance Call collect or send list lor quick 
quote. SPACE ELECTRONCS CORP. 11 Summit Ave 
East Paterson. New Jersey, (201) 791- 5050 


DUGS HRE: Ql\... I^tps are better 

Our suatmfc nsi th. bm* 

$49 00 for the hit. $66 00 wtrwl 

Send SOC for the CONSTRUCTION MANUAL. 

And «ee lor yourielf 


Dept H 8or 4090. Moumetn V«ew. Califomte 94040 


ALL BAND TRAP ANTENNA I 


■ •esiett lnt*Fl«f»nc* r«t ALL Amalrue Trena^ 

M«eM «n ALL UaIi* 9 Short W«w* Wy rgMltor*. Gt4«<ar>i*od toe 1000 

Makag Werld Wide ^ Welt* O—ee. Lichl. N««t. 

n*«r«ri**n %l>*e*e*«. Co<><tH*l* I WMlhwepeMf. 

»<ih <r. M 1J ohrtt kwaM <e*»n«nt i>«p« fee n««ic« and «Ut» 

Cismmalda S M|p««atc •ntersnA* leith bwtlrr Mrlorm«r>ro 
0040 2010 mwiMr iMne* CompMiw 102 tl $10.05 40 20IV10 r-i«i«« band*. 54 
ft ibe«i tee twerMsMd* WxKt aavt eeceotwfi) f 10.05. %ma4 mntf flOO (CMh ck , 
<«•» and |My eo«tm«n bdlence COD elw* oo«l«e* ees «srswat e« »«nd IwM peic« toe 
tsnglpawl tf«lev*>y Cemplal* •n%ttua. ■ •'KliMlwe' 

WffTftttt ELCCrilOMtci Owpi •■U K«a.r>e, N«Oe 0004/ 


tsnglpawl tf«lev*>y Comp 

WffTftttt fLCCrilOMtCi 


HIGHEST 


WE PAY niunLOi 

PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(201) 35M200 


LIBERTY PAYS MORE!! 

WILL BUY FOR CASH — ALL TYPES 
Electron Tubes Semiconductors Test Equipment 
- Mllltaiy Electronic Equipment 
Wirt, write, phone collect! We pay (relgbt on all purchases! 
LIBERTY ELECTRONICS, INC. 

548 Broadway, New York, N. Y. 10012 
Phone: 212/9254000 


<^DIODES 


PIV 

TOP-HAT 
1.5 AMP 

EPOXY 
1.5 AMP 

EPOXY 

3 AMP 

STUD- 
MOUNT 
6 AMP 

50 

.04 

.06 

.12 

.15 

100 

.06 

.08 

.16 

.20 

200 

.08 

.10 

.20 

.25 

400 

.12 

.14 

.28 

.50 

600 

.14 

.16 

.32 

.58 

800 

.17 

.20 

.40 

.65 

1000 

.20 

.24 

.48 

.75 


PRICES PPO. U 

. S. A. 


PA. 

RESIDENTS 

ADO 6% 

PA. SALES 

TAX 


M. WEINSCHENKER K3DPJ 

PO BOX 353, IRWIN, PA. 15642 
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— FREE TOOLS! FEBRUARY SPECIAL — 


PRINTED CIRCUIT EDGE CONNECTOR 
We have been lucky enough 
to obtain a large quantity 
of these connectors which ^ 
takea4''x5V^''xl/16^' thick 
printed circuit board (or , 
two 4"x2 1/2" boards side » 
by side using a 1/2" r- 
center partition). The con* 
nector has 48 gold plated 
contacts, spaced on 0.2(X) 
inch centers, suitable for solder or wire w/cap 
connections. Manufactures O.E.M. Price for 
this connector is (7.60 each. We have suitable 
unetched copper clad board approximately 
4"x5 1/2" available to fit this connector as well 
as pretched Universal Logic cards described 
elsewhere in this ad. Take advantage of this 
special while they last. From what we have 
heard the gold alone is worth over 50 cents. 
PCEC $1.50 each. 10 for $12.00. 100 for $100.00 
PCEC-BOARD Matching, approx. l/16''x4"x5Vi'' 
Double clad board unetched 25 cents each, 
any quantity but only available with purchase 
of connectors. 

SYLVAN IA TYPE 5ES 
INDICATOR LAMPS 

These hard to get lamps are made to 
operate directly from the output of DTL [|n| 
or TTL Integrated Circuits. Draws only U 
40 milliamps at 5 volts. Eliminate the iW 
complexity of using driver transistors W 
and separate supplies and conserve / | 
power. Solder directly to PC. Board, f i 
Brand new, factory fresh, packaged with / I 
full 7/8" leads. S5ESIL 10 for $4.00 pp ' ' 

USAF NAVIGATOR WRIST WATCH 

These world renown 17 leweled move- 
ments were made with exacting 
.ZjfWk craftsmanship and mil-spec require- 
watches were made by 
IWMW * Bulova. Elgin, and Waltham with 
a hack mechanism by pulling the 
f ^ crown to stop the second hand; 

so the time may be set to the 
exact second. All are in good used condition 
with 24 hour luminous dial. St. St. case and 
expansion band. USAF WW $20.00 pp 

COMPUTER GRADE GIANT CAPACITORS 


,1 

I .A ^ 


These brand new capacitors are In great 
demand as filter capacitors for I.C. Logic 
Circuits. Power Supplies, etc. These will take 
the noise out of the most stubborn circuits, 
where all else fails. 


Nat 

Price is from $4.(X) 

to *18.00 

each. 

WT. 

SIZE PRICE EA. 

12 FOR 

2# 

llO.OOOMf ISV 

$2.00 

$20.00 

2# 

25,OOOM( 25V 

1.50 

15.00 

1# 

9.300Mf 15V 

1.00 

10.00 

2# 

e.OOOMf 75V 

1.50 

15.00 

1# 

A.OOOMf 50V 

1.00 

10.00 


SPEED CONTROL APPLIANCE SWITCH 
This switch has three positions OFF m 
— 1/2 ON — ON. The 1/2 ON 
control is obtained by a 3 amp 400 
PIV diode wired across the switch. 

In the half speed position the diode ^ 
is placed in series with the load. \ 
Priced at less than the value of the 1 
diode alone. TSSS 2 for $1.25 pp J 


t 


FREE TOOLS. If you place your order for $10.00 
or more worth of merchandise before March 
1st we will give you a free surplus used high 
quality American made Kreuter or Utica long 
nose plier or small diagonal (no choice). 


UNIVERSAL LOGIC CIRCUIT CAROS 
Instant LogicI 


1^1/ ■ Sl/ 

?|S • ?|N • 

Sf/ • Sl/ • vl/ 

si/. ay • vl/ 
?j 4 . ?|N 







MjI . % 


^ LOGIC CIRCUIT BOARDS AVAILABLE— 

CB 8 T05 — for 9 — 8 pin T05 can I.C. 
CB DIP — for ^ — Oual-in-line I.C. 

CB FP — for 9 — Flat Pack I.C. 

CB FDC — for transistors & components. 

CB 10 T05 — for 9 — 10 pin T05 can I.C. 

NEW LARGER BOARDS 

Our previous Universal Logic Cards are still 
available as advertised, but for those of you 
who like to put more circuitry on a single 
board new varieties are available. 

These boards sre the most useful items we 
have ever offered, and one of the best sellers 
We offer them at 1/5 the price of others 
How? By using surplus connectors and copper 
clad board, and etching them in huge quanti¬ 
ties. We have sold 10 a> 00 of these ooards in 
the past few months, and orders keep climbing 
as customers find out how useful they are. 
The use of the boards Is simple. The board 
has a pattern etched on it for mounting 
integrated circuits. You drill out the desired 
hole pattern. The power leads are already 
routed around the boards. Discrete components 
and transistors can be mounted in the locations 
between the I.C.*s. Then you route the wires 
between the I.C.'s and to the connector, and 
you are ready to count compute or whatever 
Here are the cards available: ILCC — original 
— pads for 14 pin dual-in-line on one side. 
10 pin to 5 on the other, transistor pads on 
both sides as previously advertised, complete 
with a surplus PC card with edge connector, 
and mating connector. You take the connector 
off the surplus card, and throw it away (or 
salvage lots of useful components from it). 
Will mount four Integrated circuits, and two 
transistors. Size 2 l/2"x2 1/". See previous 
ad for illustrations. 

2 Cards & mating connectors 2ILCC 

$ 2.50 pp 

10 Cards & mating connectors lOILCC 

$10.00 pp 

100 Cards & mating connectors lOOILCC 

$88.(X> pp 

LILCC-New larger size cards 3"x4" mounts 9 
integrated circuits in pattern as illustrated 
above Specify which type pattern you want. 
Pattern on one side only. Same connections 
and salvage board as ILCC provided 
2 Cards & mating connectors 2LILCC 

$3.50 pp 

10 Cards & mating connectors lOLILCC 

$15.00 pp 

SPECIFY PATTERN DESIRED 
ULILCC-Still larger 4"x5 1/2" size, mounts 16 
integrated circuits into edge connector PCEC 
shown on left of page 

2 Cards & mating connectors 2ULILCC 

$ 5.00 pp 

10 Cards & mating connectors lOULILCC 

$22.00 pp 

SPECIFY PATTERN DESIRED 
Send 25r for catalog 703. Jam packed with 
surplus bargains . . . Best yet Just 

fantastic • Free with an order. 


Enterprises 
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MORE OVERSTOCK 

RANGE FILTER. Poor man’s QS-er. A MUST 
lor CW & RTTY. Sloping front, black crackle 
finish. Has 2 jacks, for PL-5S; 6' cord, 
w/PL-SS: 3 position switch”RANGE" passes 
1020 cycle: "VOICE" rejects 1020 cycle; 
"BOTH" no filter action. NEW. 3# 

S2.10 ea. 4 lor S8.00 
VARIABLE CAPACITORS 

5 gang, 2010 pf. 402 pf/sec. Ideal for output 
side. Pi-network. Will load 160 meter, with¬ 
out inductance to IKW. shaft, with S0;1 
rt. angle drive. Take outs, excellent condition. 
3#. $2.25 ea. 4 for $8.75 

EFJ #152-516. Oual, split stator, 40 to 475 
pf/sec. 4500V. .125" spacing. Dual 
shafts. 16 stator, 17 rotor plates. 5'A" w, 
5‘/4" h, 16" I. 9#. NEW. 

$6.50 ea. 4 for $25.00 

50-1500Q45. 4 gang, split stator. 2 sec. 50 

pf/sec. 2 sec. 150 pf/sec. 4500v. With 
switch will yield 50. 100. 150, 200, 250, 300, 
350 or 400 pf. total. Dual shafts. 

41 /,« v». 4" h. 15" I. 6#. NEW. 

$6.50 ea. 4 for $26.00 

E#154.2. 15 to 353 pf. 2 KV. dual >/," shafts. 

NEW. $4.25 ea. 4 for $16.50 

MR TYPES. E JOHNSON; H HAMMARLUND 
All 1 KV, dual t/t" shafts. 

E #149-5. 7.1 to 102 pf. srt. line capacity. 

$1.10 ea. 4 for $4.25 
E #149-6. 8 to 140 pf. srt. Una capacity. 

$1.25 ea. 4 for $4.75 

H #MC-50M. 5.8 to 50 pf. srt. line frequency. 

$1.10 ea. 4 for $4.25 
5 to 20 pf. srt. line capacity. 

75(‘ ea. 4 for $2.85 
All prices are NET, FOB store, Chicago. 

PLEASE includa sufficient for postage. 

Any excess remitted, returned with shipment. 

B C Electronics 

5696 North Ridge Avenue 
Chicago, Illinois 60616 
. . • Hours • . « 

Wed. and Sat, 10 a.m. to 3 p.m. 

Other times, by appointment 
. • . Phones . • , 

312-334"4463, If no answer please call 312-7844426 
Mailing Address for all orders, inquiries and 
correspondence: c/o Ben Cohn, 5058 North Clare¬ 
mont Avenue. Chicago. Illinois 60625. 




^ ^ ^ 

of' 

You can be sure with Barry . . . 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 

No Quantity too Large. 

Write or Call now . . . BARRY. W2LNI 

BARRY ELECTRONICS 
512 BROADWAY • NEW YORK. N. Y. 10012 
212 - WA 5-7000 



O' Tha WORLD'S 

Catalog oov't 

SURPLUS ELECTRONIC BARGAINS 


Now BIGGER and 
BETTER Than EvorS 

MAIL THIS COUPON NOW 




For your FPEf copy, fill out coupon and moil. Oepf. Hit 


FAIR RADIO SALES 

P.O. Box nos • LIMA, OHIO • 4S802 


FILAMENT CHOKE X 

Shielded high reactance 

at al( frequencies above 

3 me. Current capacity 

of 30 plus amps. Volt- 

age drop at 21 amps is less than .15 volt. 

Size 2>/^ wide x U/^ high x 5>^ long. 

Pa. resident* add 6% sales tax. 

Price $7.95 ppd. U.S.A. 
M. WEINSCHENKER K3DPJ 

BOX 353, IRWIN, PA. 15642 
DEALER INQUIRIES INVITED 


radio amateur 


lib 


Radio Amataur 
Emblems engraved 
with your call lattars. 


□ Gold 

□ Rhodium 






n);:_ 

t j call letter 

( »5.00 Ea 


(o 

W 9 XYZ y I c 

. \ 5 


Rhodium 


call letters 
$5.00 Ea. 


All illutirotions 
or. ocluol .lx.. 


L W 9 X Y Z 


V £i - 


'□ Gold 
[□ Rhodium 


Kuth Order To; RADIO AMATEUR CALLBOOK, Inc. 

Dept. E. 925 Sherwood Drive, Lake Bluff, III. 60044 
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AN/ART-13 100-WATT XMTR 


PHOTOFLASH TRIGGER XMFR 


11 CHANNELS 

200*1500 Kc 

2 to 18.1 Me 

1 ~ Collins Autotune Trans- 

Thordarson #22R44 brand new, produces 15KV 
pulse. With spec, sheets. 

#22R44 $1.75 each 10/$15.(X) 

* ’'A mitter, extremely stable 

r zM and suited for side 

7 "-tt 1 || band. Written up in 

yr.* ^ i -J|B OST Jan. issue 1964. 

FIBRE OPTICS KITS 1 

WITH IMAGE TRANSMITTER 1 

{9 Used. These are In 

boxes & crates as re- 

.. . . h J ' ceived from the Gov't 

"Jf & we will ship them out 

"as is" with no guarantee. They are supposed 
to be complete & with tubes. We are not even 
going to open the boxes and will simply stick 
a label on them and ship them out. We must 
make room for incoming material and our loss 
is your gain..#ART*13 $15.00 

An experimenters delight, fantastic display of 
the unique properties of clad-fibre-optics to pipe 
light as well as images. Kit #1 includes PVC 
sheathed bundle of glass fibres with polished 
ends (light pipe), bundle of plastic fibre optics, 
bundle of glass fibres, coherent light pipe 
(transmits images), instructions & experiments. 

BLISS-FULL PAK #1 $5.00 

Kit # 2 includes all of the above but more 

HAMMARLUND APC CAPS 

fibres, longer lengths, fatter bundles and also 
includes light source, heat shrink tubing, a 5 
ft. light pipe, a longer coherent bundle (image 

Midget style, brand new. 4.5-100 
mmfd.3/$l,00 12/$3.00 

transmitter) & more experiments. 

BLISS-FULL PAK #2 $10.00 

_ 

FLEXIBLE FIBER-OPTICS LIGHT GUIDES 


APC GRAB BAG 


Unusad assortment of various sizes and styles. 
Thousands on hand & bargain priced. 

5/$1.00 30/fS.00 


TOROIDAL CORES 


Insulated powdered Iron core about the size 
of 25< piece. Very low inductance, hi-freq. 
Wind your own transistor xfmrs. 

#A-70 5/11.00 30/$5.00 


RF FERRITE CORE CHOKE 


HipermeabMity. ultra midget style, 
coated for moisture resistance, color 
coded. Used In xmtrs. receivers, com 
verters. TV*peaking. Brand new, 
worth 40c each. Assortment of 1.8, 
27.0, 330 uh. Pack of 30, $12.00 value. 

#A-71 30/$1.00 180/$5.00 


H 



FIBRE OPTIC LIGHT PIPE 


1 ft length jacketed glass fibres (200 libras) 
each end sealed and optically polished lor 
maximum light conduction. Pipe light around 
corners, Into diflicult locations, etc. 

#LP-1 $1.00 


BULK LIGHT PIPE 


3 leet ol fibre glass (200 fibres) with iacketing. 
Make your own light pipes. Christmas tree dis¬ 
plays. psychedelic lighting, etc. Any length you 
wish at 3 feet for $1.00. 


TRANSISTOR MOUNTING PADS 


Round fibre glass insulating pads, used under 
3 legged TO*5, TO‘I8. etc. Raises and In* 
sulates transistors from PC board. Permits 
longer leads to be used with less danger of 
heat destruction. Adds professional touch to 
finished circuits. Bag of 50 pre*drilled pads. 

#A-3 50/$1.00 300/$S.00 



SILVER MICAS 


MIsc. assortment of CM 
Wpe small silver micas. 
Supply varies & will 
give a mix of available 
on*hand stock. Unused, 
long leads. standard 
codes stamped on each. 

#A-4 30/11.00 180/$5.00 


2 METER ARC-3 


Just uncovered a batch of the famous ARC*3 
rcvrs & xmtrs with all tubes. Range 100*156 
me. 8 xtl channels. Cheap way to get on 2 
meters. CD nets. MARS nets. etc. With con* 
version details. Revr $15, Xmtr $15; 

both units $25.00 


FIBRE OPTIC OPTICAL SCANNER $5.00 


Photo Optics scan- 

ner, as used In IBM f 

punch card scanner I 

system. We offer the V \ 

12 position optical \ 

scanner consisting X 

of 2 ft. assembly ^ Ns^ 

light pipe fanning % JfSr ^ 

out into a 12 chan- 

nel scanner. All ter- ■» 

minations optically polished. Make your own 
card scanner, light chopper, etc. A value for 
the 22 inch light pipe alone. With 4 page 
evaluation & application data. ...... #LP-3 $5.00 

Above equipment on hand, ready to ship. Terms 
net cash, f.o.b. Lynn, Mass. Many other unusual 
pieces of military surplus electronic equipment 
are described in our catalog. 

Send 25< for catalog #70 


JOHN MESHNA JR. 

19 ALLERTON ST., LYNN, MASS. 01904 
P. O. BOX 62, E. LYNN, MASS. 01904 
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INTEGRATED CIRCUITS 
N«w straight from factory Fair* 
child I.C/s UL 914 with 30 
project diagrams. 

80( ea., 10/17.50 100/$65.00 
UL 923 J.K. flip-flop with spec, 
sheet. 

$1.50 ea.. 10/$13.50 100/$110.00 
14 pin FLAT PACK MC790P Dual JK Flip Flop. 

$2.00 ea. 10/$16.95 100/$179.M 


fB 


COOLING FAN blower. 4 
pole llOV 60 eye motor 
with 4 bladed nylon fan. 
Very quiet, about 50 CFM. 
2'/4" W X 3" H X 2*4" D. 
Shipping weight 3#. 

^.25 ea. NEW 





7 Tube 2nd IF DItcrIm- 
instor 455 KC IF 5 
stages 2 stages limiting 
diode discriminator out¬ 
put ± 15 KC. 

43.00 ea. 


1000 PIV AMP EPOXY DIODES 40c EACH 

10/$3.75 


SMALL HEAVY CHROME Cabinets. No front or 
bacK plates. 5%'' W « 2%'' D x 3'^" H NEW. 

9Sc ea. 10/48.95 

BUD METAL UTILITY CABINETS CU-1099 5" D 
X 6" W X 9" H, gray hammertone — one cover 
pre-drilled lor other uses & one side not drilled. 
Shipping weight 4 lbs. 

NEW 41.50 ea. 10/412 50 


3 CHANNEL HIGH POWER 
COLOR CONTROL CENTER KITS 



$12.95 


Any sound from a Hi*FI, phono, radio, etc 
may be fed into this unit. The PSA-3L will 
change the sound variations to light variations 
3 Individual sensitivity controls are used for 
3 separate channels each capable of accommo 
dating 500 watts of external lights. 

Color predominance can be obtained by adjust 
ment of the corresponding sensitivity control. 
The PSA-3L is housed In a modern 2 piece 
Walnut finish aluminum case. Size 5'' x 5'' 
X 2V6''. Simply plug lights into light sockets 
and run wire from speaker to this unit for 
psychedelic color. Shipping weight 1 lb. 

Two Locations 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS. INO. 
46225 

R & R ELECTRONICS 
1953 S. Y.llowsprlMi 
SPRINGFIELD, OHI(f 
45506 




Please refer mail order to Ohio store. 
Add sufficient postage, excess refunded. 
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1970 ISN’T ALL THAT’S NEW... 

Varitr )nics introduces the go anywhere, 
(0 anything, work everywhere 

2 PIETER FM HANDIE-TALKIE 
I The HT-2 

No more versatility possible than this beautifully 
engineered transceiver. Powered with ni-cads, it 
comes complete with unbreakable ribbon antenna, 
battery charger, carrying-case, ear phones, ni-cad 
batteries, crystals for 146.34/.94 — .94/.94, and 
a barrel of fun with your local repeater. 

Specifications: 

General: 

Frequency coverage—any 500 KHz between 
134-150 MHz 
Size—I%"x3'/8"x8t4" 

Weight—214 pounds (includes case and antenna) 
Uses IC’s Ceramic and Mechanical filters 
Two channels 

Receiver: 

Sensitivity—0.4 uV or less @ 20 db of quieting 
Bandwidth — ±8KHzat6db 

Transmitter: 

RF Output power—1.6 watts minimum 
Deviation — Adjustable ±5 KHz to ± 15 KHz 
?^purious emission — At least 50 db below carrier 

ueur Net 269.95 
your Local Dealers 

Varitronics Incorporated 

3835 North 32nd Street • Suite 6 • Phoenix, Arizona 85018 
See us at SAROC February 4th-8th 
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THE BEST DEAL IN OUR HISTORY 

(NCX-500 5 bands, 500 watts for less than $250.00) 


Since we opened our door we have never had such 
an attractive ham opportunity! 

We offer to hams, world wide, the famous National 
NCX-500 transceiver new at the thrifty price of 
$249.95. With the companion AC-500 power supply 
the total price is only $299.95; less than the price 
of Americas most popular kit. 

Here are the salient features of this deal: 

a) Only fresh factory cartoned material offered. 

b) A full six months warranty provided. 

c) No trades considered at these prices. 

d) Prices quoted are FOB Harvard. Mass. 

e) Bank Americard, Master Charge or American 
Express accepted. Financing available through 


() Special overseas prices for sterling customers. 

This set works on 230 volts, 50 cycles, 
g) Offer limited to first come first served. (Al¬ 
though we bought them all they will not 
last Tong.) 

The National NCX-500 with its AC-500 currently sells 
at $425.00 and $99.00 respectively. Thus, this deal 
is both timely and thrifty. If you have waited be¬ 
cause you could not afford a modern rig. here is 
your buy now: even while the rest of the world goes 
up on price. 

If you are a beginner or even if you have a big rig 
and need a second one for a spare, the NCX-500 
should be your cup of tea. Stuoy the specs, read 
the magazine reviews but send in your order while 
our stock lasts. 


PRICE SCHEDULE 


NCX'500 with AC*500 (no spkr and no cabinet) 36 lbs. 

NCX-500 with NCXA supply (spkr and cabinet included) 40 lbs. 

NCX-500 with Linear Systems Universal Mobile power supply 400-12 28 lbs. 

NCX-500 without supplies 16 lbs. 


XC-2B plug in solid state Xtal calibrator (available February 15th 1970) 

Shipments. Preferably via United Parcel Service. Railway Express or Parcel Post, 
include provisions for same otherwise charges will go COD. 


$299.95 
$319.95 
$359.95 
$249.95 
$19.95 
Specify and 


SPECIFICATIONS 


21,500 KHz. 
29.100 KHz. 


Frequency Coverage: 

3,500 < 4.000 KHz. 21.000 

7.000 • 7.300 KHz. 28,500 

14.000 - 14,500 KHz. 

(2 additional crystals at $7.00 each to provide 
coverage of entire ten meter band.) 

Power Input: 

500 watts PEP SSB; 360 watts CW; 125 watts AM 
Derated 20% for mobile operation. 

Emission: 

SSB upper 10. 15 and 20 meters. Lower 40 & 80 
Output Impedance: 

40 • 60 ohms minimum pi network. 

Receiver Offset Tune: 

Plus or minus 3 KHz. 

Crystal lattice filter 6-50 OB shape factor 2.2*1. 

Dial Calibration: 

5 KHz on all bands. 


Tuning Ratio: 

Excellent mechanical resolution with 45*1 rate. 
Electrical Stability: 

± 400 cycles in room ambient after 30 min. 
warm up. 

Suppression: 

Carrier —50 DB rejected side band —40 DB. 
third order products —50 DB at full output. 
Sensitivity: 

,5 microvolts for 10 OB s/N in SSB mode. 
Metering: 

PA cathode in transmit. S units on receive. 
Special Features: 

Sidetone monitor, built-in code practice oscil¬ 
lator. incremental tuning. 

Dimensions: 

6 3/16'' high by 13 3/8" wide by 11" deep 
Weighs but 15 pounds. 

Mobile bracket and instructions furnished at no 
extra charge 


HERBERT W. GORDON COMPANY 

Harvard, Massachusetts 01451 • Telephone 617 — 456 3548 

"Americans Largest Exclusive Ham Store’^ 


% ra february 1970 












NOW, DIRECT TO THE AMATEUR. 

SPECTRONICS OFFERS 

PRECISION EQUIPMENT/DELUXE FEATURES/LOW COST 


0 FT dx 560 TRANSCEIVER 
Best buy in a transceiver today, the FT dx 560 is 
a complete station in one package. Design fea¬ 
tures include zero backlash planetary tuning dial 
easily read to less than 500 cycles. Double con¬ 
version tunable I F. system which results in drift 
free operation combined with high receiver sensi¬ 
tivity. Compare the features and specifications of 
this fully integrated transceiver before you make 
your next purchase. 

Features: Built-in AC power supply, built-in VOX. 
built-in dual calibrators (25 and 100 KHz), built- 
in Clarifier (off set tuning), all crystals furnished 
80 through the complete 10 metei band, provi 
Sion for 2 additional auxiliary transceive bands 
outside of the amateur frequencies. 10 MHz WWV 
receive band built in. break-in CW with sidetone 
selectable USB & USB. 

Specifications: Maximum input: 560 W PEP SSB. 
500 W CW. Sensitivity: 0.5uv, S/N 2C*Jb Selec 
tivity: 2.3 KHz (6 db down) 3.7 KHz (60 db 
down). Carrier Suppression: More than 40 db 
down. Sideband suppression: More than 50 db 
down at 1 KHz. Frequency range: 3.5 to 4. 7 to 
7.5. 14 to 14.5. 21 to 21 5. 28 to 30 (megahertz). 
Frequency stability: Less than 100 Hz drift in any 
30 minute period after warm up. 

Complete only $449.95 


SPECTRONICS WEST 

_ BOX 338 « LAKEWOOD. CALIF 9071 4 

SPECTRONICS EAST 

Bt'X 145/ • STOW Ohio 44z2^ 


0 FV-400S EXTERNAL VFO 
Companion External VFO *or the FT dx 560 Trans 
ceiver, the FV 400S enables cross band operation 
and provides the operator with separate receive 
transmit capability. 

FV-400S features solid-state oscillatoi. buffer, 
and regulator. Covers frequency range from 8.4 
to 8.9 MHz. and is powered by 6 3 volt AC sup 
ply. The same heavy duty gear Tram is used in 
the VFO as in the FT dx 560 T>ansceiver Fre 
quency stability is less than 100 Hz drift in any 
30 minute period Complete only $99.95 

0 FL dx 2000 LINEAR AMPLIFIER 

Full 1200 W PEP SSH .• lOOL vt t W ur’ea- • on 
patible with any 30 00 W or ti " t ►jaiu'r’s I'.mr 
in solid state pow supu \ SWR '• -d’• n->at,,,a 

or automatic exC'*ei -oit'Oi'-’d le ay F '•Of 
nection provided r.)i err hi 'O' '<ii 11 / i* 220 
V AC Operation optio- a;, hu •' ' )w- pass fiit«" 

grounded grid circuit 

Desk top size. 6-/4 high 14* wide 11'/- 
deep, weight approximately 40 lbs Front pane. 
IS styled in nonspecuia' chrorne w.ti Lai k lighted 
meter face and operating md'cator lights Heavy 
steel cabinet finished "i tuncf.o i bUie grav 

Complete only $229.95 

0 SP 560 SPEAKER 

Matching heavy duty speaker co'npletes t'.e F 
Line Station Unit is speci.iHv designed to* voic* 
frequenrv rang* Complete only $19 95 

Write for literature 

or order direct from Spectron*cs 

Speciiumcs warra-'Pes ii . I • r. jie id n‘ 

OOP VH.1 atU • f1 ‘ '<1 » ’ - * ■ 

ao * * » ■*■** 















The s/gnaZ/ane CX7 

CENTER OF ATTENTION at twenty major ham conventions last year... 

Maybe you saw it ... even operated it. But if the crowd kept you from getting a really 
good look, here are highlights of the inside story of ... 
the "DELUXE INTEGRATED STATION" ... 


PERFORMANCE ... built in 

• Dual-gate MOSFET receiver 

• Ultra-sharp selectivity 

• IF Shift (to slice off QRM) 

• 300 watts input all modes 

• RF clipping (for maximumpwrrc/t) 

• Pre-IF noise blanker 

CONVENIENCE ... built in 

• Instant band change without tune-up 

• Frequency readout direct to 100 Hz 

• Transceivep/t/s auxiliary receive 

• Dual VFO's {for split operation) 

• True break-in CW, silent VOX 

• Integral AC supply and ON keyer 


COVERAGE... built in 

• All ham bands \ 0thru 160 meters 

• Full / MHz bands cover WWV, MARS 

• All popular modes ... SSB, CW, FSK. 

QUALITY ... built in 

• Glass-epoxy etched circuit boards 

• Instrument-grade components 

• Continuous duty at full ratings 

• Modularized construction 

TO GET THE FULL STORY ... 
write for an illustrated brochure. 



A Drvision of ECl (An NCR Subsidiary) 













